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STATE OF WASHINGTON
KING COUNTY SUPERIOR COURT

STATE OF WASHINGTON,
DEPARTMENT OF ECOLOGY,

Plaintiff,

v.

CITY OF SEATTLE,

Defendant.

No. 90-2-13283-8 SEA

AMENDMENT NO. 1 TO
CONSENT DECREE
(MIDWAY LANDFILL SITE)

This amendment to Consent Decree No. 90-2-13283-8 is issued pursuant to the authority

of RCW 70.105D, the Model Toxics Control Act (MTCA).

STATEMENT OF CURRENT CONDITIONS

A. Consent Decree No. 90-2-13283-8 was signed by the Court and filed on June 29,

1990. The Decree was a negotiated settlement between the Washington State Department of

Ecology ("Ecology") and the City of Seattle ("Seattle").

B. • At the time the above Consent Decree was negotiated and filed, Seattle had

already undertaken some actions intended to remedy the release of hazardous substances from the

Midway Landfill Site ("Site"), which is the subject of the Consent Decree. The Consent Decree

included provisions for the implementation of additional actions aimed at remedying the release

of hazardous substances at the site. Based upon Ecology's determination that the remedial

actions in the Consent Decree would provide immediate protection to the public health, welfare
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and environment, the Consent Decree was negotiated and filed before Ecology had completed a
i

Cleanup Action Plan (CAP) under WAC 173-340-380 regarding a chosen cleanup alternative.

C. Since the time the Consent Decree was negotiated and filed, the United States

Environmental Protection Agency (EPA) has issued a Record of Decision (ROD) for the Site.

The ROD evaluates the status of work to be performed under the Consent Decree and identifies

remedial actions and components that are not expressly described in the Consent Decree,

including establishing groundwater cleanup levels, requiring Seattle to sample groundwater in

order to monitor progress toward cleanup levels, and requiring Seattle to implement certain

institutional controls to ensure the protection of human health until groundwater cleanup levels

are achieved. Ecology reviewed and recommended approval of the ROD.

D. Ecology has chosen to utilize EPA's ROD for the Site as a CAP, pursuant to

WAC 173-340-380(4). .

E. This amendment.to the Consent Decree is for the purpose of integrating the full

remedies set forth in EPA's ROD for the Site into the existing Consent Decree, as well as for the

purpose of making changes to clarify the intent of the existing Consent Decree.

AMENDMENT TO CONSENT DECREE

Based on the foregoing, the parties stipulate and agree that the Decree should be

amended, pursuant to the provisions of Section XXI. AMENDMENT OF CONSENT DECREE,

as follows:

A. All of the terms of the Consent Decree remain in effect unless expressly amended

herein.

B. Section m. PARTIES BOUND, Heading A shall be amended to add a new

Paragraph 3A (inserted between current Paragraphs 3 and 4) as follows:

3 A. Implement the remedy selected in Section 11.2 of the Record of Decision (ROD)

for the Midway Landfill, CERCLIS Identification Number WAD 980638910, issued by the

United States Environmental Protection Agency (EPA) on September 6, 2000 (Exhibit B to this
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Amendment, incorporated herein by reference and enforceable under this Consent Decree), as

utilized by Ecology as a cleanup action plan (CAP) pursuant to WAC 173-340-380(4), in

accordance with the remedial action objectives and cleanup standards identified in that ROD. In

summary, implementing the remedy selected in Section 11.2 of the ROD requires Seattle to:

a. Implement" a Compliance Monitoring Plan approved by Ecology, as described in

Section XI, Heading B, Paragraph 5 of the Consent Decree as amended herein;

b. Continue to operate and maintain all remedial elements required by the Consent

Decree by implementing the Operations and Maintenance Manual described in

Section XI, Heading B, Paragraph 4 of the Consent Decree as amended herein;

c. As described in Section XIX of the Consent Decree as modified herein, within six

(6) months of the effective date of this Amendment, place a notice in the records

of real property kept by the King County Recorder alerting any future purchaser of

the landfill property, in perpetuity, that the property has been used as a landfill, is

or was on EPA's National Priorities List, and is restricted in its future use in

accordance with the terms of Washington's Criteria for Municipal Solid Waste.

Landfills (WAC 173-351-500(l)(i) and (2)(c)(iii)); and

d. As described in Section XT, Heading B, Paragraph 6 of the Consent Decree as

modified herein, send an annual written notice to the Seattle-King County

Department of Public Health (or its successor); local water districts; locally active

well drillers; and the owner of Well #37 regarding groundwater conditions in

affected areas downgradient of the landfill..

C. Section V. PURPOSE, Paragraph 1 shall be amended as follows:

1. To provide for an expeditious cleanup of.the Midway Landfill facility by

completing work on the final remedial action at the landfill, including capping the landfill,

completing a surface water management system, completing a gas extraction system, and
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implementing the remedy selected in EPA's September 6, 2000 ROD, as utilized by Ecology as a

CAP. • . . • • • • - .

D. Section VI. COVENANT NOT TO SUE shall be amended as follows:

Subject to the Covenant Reopeners and Reservation of Rights herein, in consideration for

Seattle's satisfactory performance and completion of the terms and conditions of this Consent

Decree, Ecology covenants not to sue Seattle, or seek any administrative, legal, or equitable

remedy against Seattle, for the performance, conduct, completion, or appropriateness of the

remedial actions performed pursuant to this Decree, which include the surface water management

system, the final cover, the landfill gas extraction systems, and implementation of the remedy

selected in EPA's September 6, 2000 ROD, as utilized by Ecology as a CAP. This covenant not

to sue is of a scope commensurate with this Decree and Amendment No. 1 thereto.

E. Section DC. DEFINITIONS shall be amended as follows:

P. "EPA" means the United States Environmental Protection Agency.

Q. "ROD" means a Record of Decision issued by EPA under the Comprehensive

Environmental Response, Compensation, and Liability Act (CERCLA), 42 U.S.C. §§ 9601 et

seq., which can be utilized as a Cleanup Action Plan by Ecology pursuant to WAC 173-340-

380(4).

F. Section X STATEMENT OF FACTS, Heading A, first paragraph, shall be

amended to delete the reference to "Appendix A" and substitute a reference to "Exhibit A,"

attached hereto and incorporated herein by reference and enforceable under this Consent Decree.

G. Section XI. SCOPE OF WORK shall be amended to add a new Paragraph 3A

(inserted between current Paragraphs 3 and 4), as well as amended to add language to Paragraph

4, as follows: . .

3 A. Implementation of the remedy selected in Section 11.2 of the September 6, 2000

ROD, as utilized by Ecology as CAP.

AMENDMENT NO. 1 TO
CONSENT DECREE
(MIDWAY LANDFILL SITE)

ATTORNEY GENERAL OF WASHINGTON
Ecology Division

PO Box 40117
Olympia, WA 98504-0117

FAX (360) 586-6760



10

11
12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

4. Preparation and implementation of an Operation and Maintenance Manual for all
i

remedial action projects implemented at the landfill as part of this Decree.

H. Section XI. SCOPE OF WORK, Heading B, Paragraph 4 shall be amended, and

new Paragraphs 5 and 6 shall be added, as follows: .

4. Landfill Operation and Maintenance Manual. Seattle shall implement the

comprehensive Operation and Maintenance Manual prepared by Seattle and approved by Ecology

hi December 1992 (Exhibit C to this Amendment, incorporated herein by reference and

enforceable under this Consent Decree), which incorporates both short-term and long-term

operation and maintenance requirements for all remedial action projects constructed at the

Midway Landfill under the terms of this Decree. Changes to the requirements and provisions of

the Operation and Maintenance Manual may be made without amending this Decree and shall be

incorporated herein by reference.

5. Compliance Monitoring. Seattle shall monitor groundwater, surface water, and

gas as described hi Section 11.2 of the September 6, 2000 ROD and in accordance with the

requirements and provisions of a Compliance Monitoring Plan (CMP) prepared by Seattle and

approved by Ecology April 2000 (Exhibit D to this Amendment, incorporated herein by reference

and enforceable under this Consent Decree). Additional monitoring under the CMP may be

required by Ecology, if needed in accordance with Section 1L2 of the September 6, 2000 ROD,

and reduced monitoring under the CMP may be requested by Seattle and approved by Ecology,

based upon Site conditions. Changes to. the requirements and provisions of the CMP may be

made without amending this Decree and shall be incorporated herein by reference.
i

6. Institutional Controls. Until such time as compliance with applicable

groundwater cleanup standards is met, and in addition to the notice and restrictions described in

Section XIX, Seattle shall implement the institutional controls described hi Section 11.2 of the

September 6, 2000 ROD to notify well drillers of the groundwater contamination in the vicinity

of the landfill for the purpose of discouraging wells from being drilled in the identified area.
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Seattle shall comply with this requirement by providing annual written notification to the

following entities and persons concerning groundwater conditions in affected areas downgradient

of the Midway Landfill:

a. Seattle-King County Department of Public Health, or its successor agency;

b. All local water districts potentially affected (currently the Kent and Highline

Water Districts);

c. All "locally active well drillers," which are defined as those well drillers that have

drilled wells within King County in the calendar year prior to the notice, .as

provided by Ecology to Seattle; and

d. The owner of record of the real property where Well #37 is located, as identified

in figure 6-1 of the September 6,2000 ROD, unless Seattle provides Ecology with

adequate assurances that this well has been abandoned.

Seattle shall provide such annual notification on or before July 15 of each year, unless another

notification date is approved by Ecology. With the exception of notice to the owner of record of

the real property where Well #37 is located, the above annual notices shall include' a map

showing the location of the affected areas with indication of the affected aquifers and then-

elevations. Notice to. the owner of Well #37 need only inform the owner of groundwater

conditions in the area of that well. Notices to all of the above entities and persons should include

reference to WAC 173-160-171 (or any succeeding regulation if recodified), which provides that

a water well cannot be located within one thousand feet from the property boundary of a solid

waste landfill, or within one hundred feet from ail other sources or potential sources of

contamination. The notice may be part of an annual groundwater monitoring report. The notice

requirement may be removed or modified by Ecology in the future if compliance with cleanup

standards in groundwater monitoring wells downgradient from the Midway Landfill is attained.

Changes to these notice requirements approved by Ecology may be made without amending this

Decree and shall be incorporated herein by reference.
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L Section XDC TRANSFER OF INTEREST IN PROPERTY shall be amended as

follows:

No voluntary conveyance or relinquishment of title, easement, leasehold, or other interest

in any portion of the landfill shall be consummated without provision for continued operation

and maintenance of any containment system, treatment system, or monitoring system installed or

implemented pursuant to this Decree, unless Ecology has approved of the retirement or

abandonment of any such systems or part thereof.

Within six (6) months of the entry of this amendment to the Consent Decree, and to the

extent Seattle is the owner of the real property described in Exhibit A to this Consent Decree, as

amended, after review and approval by Ecology, Seattle shall place a notice in the records of real

property kept by the county records office alerting any future purchaser of the landfill property, hi

perpetuity, that said property was on the National Priorities List. In addition, such notice shall

contain the post-closure use restrictions and conform to the requirements of WAC 173-351-

500(l)(i) and (2)(c)(iii), including providing notice that the property was used as a landfill. The

notice shall further contain a restriction that no water supply wells may be installed on the

property. Prior to transfer of any legal or equitable interest in all or any portion of the landfill

real property, Seattle shall serve a copy of this Decree upon any prospective purchaser, lessee,

transferee, assignee, or other successor in interest of the property; and, at least thirty (30) days

prior to the transfer, Seattle shall notify Ecology of said contemplated transfer.

DEPARTMENT OF ECOLOGY ROB MCKENNA
Attorney'

.Acting Program Manager
Toxics Cleanup Program

Date:

C7^ j

*? i/o

ANDREW A. FITZ, WSBA #22169
Assistant Attorney General
Attorneys for Plaintiff
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Exhibit A

MIDWAY LANDFILL LEGAL DESCRIPTION [Revised]

PARCEL A: Tax lot #222204-9168-03
That portion of the west half of the southwest quarter of the northwest quarter of Section 22,
Township 22 North, Range 4 East, W.M., in King County, Washington, lying westerly of the
Primary State Highway Number #1, (Interstate Highway No. 5) as condemned in King County
Superior Court Cause No. 535009^ and between the north and south lines of the south half of the
north half of the southeast quarter of the northeast quarter of Section 21, Township 22 North,
Range 4 East, W.M., in King County, Washington, extending easterly to the west margin of
Primary Sate Highway #1.

PARCEL B: Tax lot # 212204-9025-07, and # 212204-9014-00, and a portion of # 212204-9033-
07
The south half of .the southeast quarter of the northeast quarter and the west half of the west-half
of the northeast quarter of the southeast quarter of Section 21, Township 22 North, Range 4 East,
W.M., in King County, Washington, lying westerly of Primary State Highway Number 1
(Interstate Highway No. 5);
EXCEPT that portion described as follows:
Beginning at the southwest corner of the southeast quarter of the northeast quarter of said
section;
thence north 01P07'09" east 363.64 feet along the west line of said subdivision;
thence south 87°53'39" east 602.44 feet;
thence south 01007'09" west 202.70 feet;
thence south 81°19'39" west 447.99 feet;
thence south 39°19'39" west 260.00 feet to the west line of the northeast quarter of the southeast
quarter of said Section;
thence north 01°05'25" east 130.03 feet along said west line to the point of beginning;
AND EXCEPT that portion of the north half of the southwest quarter of the southeast quarter of
the northeast quarter of said Section 21, lying north of the south 40 feet and west of the east 60
feet. .
AND EXCEPT the north 100 feet of the south 130 feet of the west 95 feet of the west half of the
west half of the northeast.quarter of the southeast quarter, of said Section 21;
AND EXCEPT the south 30 feet thereof for South 252nd Street.

PARCEL C: Tax lot # 212204-9026-06
Those portions of the southeast quarter of the northeast quarter and the northeast quarter of the
southeast quarter of Section 21, Township 22 North, Range 4 East, W.M., in King County,
Washington, more particularly described as follows:
Beginning at the southwest comer of the southeast quarter of the northeast quarter of said
section; thence north 01°07'09" east 363.64 feet along the west line of said subdivision;
thence south 87°53'39" east 602.44 feet;
thence south 01°07'09" west 202.70 feet;
thence south 81°19'39" west 447.99 feet;
thence south 39°19'39" west 260.00 feet to the west line of the northeast quarter of the southeast
quarter of said section;
thence north 01°05'25" east 130.03 feet along said west line to the point of beginning;
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EXCEPT that portion, if any, lying north of the south 40 feet and west of the east 60 feet of the
north half of the southwest quarter of the southeast quarter of the northeast quarter of said
Section 21. '•

PARCELJD: Tax lot # 212204-9033-07 (portion)
The north 535.83 feet of the northeast quarter of the southeast quarter of Section 21, Township
22 North, Range 4 East, W.M., in King County, Washington, lying westerly of Primary State
Highway Number 1 (interstate Highway No. 5);
EXCEPT that portion within the west half of the northwest quarter of the northeast quarter of the
southeast quarter of said Section 21.

SOUTHEAST PARCEL: Tax Lot #2122049137-02 .
That portion of the NE % of the SE !/4 of Section 21, Township 22 North, Range 4 East, W. M.,
in King County, Washington, described as follows:
Beginning at the NE corner of the above described subdivision; thence South along the East
section line of said Section 21, 535.83 feet to the True point of Beginning; thence West parallel
with the South line of said subdivision 987.6 feet to the East line of the West 1A of the NE % of
the SE l/4', thence South along said East line 780 feet to the South line of said subdivision; thence
East along said South line 987.6 feet to the SE corner of said subdivision; thence North along
said Section line 780 feet to the True Point of Beginning;
EXCEPT that portion lying within Primary State Highway Number #1 (Interstate Highway No.
5); and EXCEPT that portion lying within South 252nd Street. .

. . -i

NORTH PARCEL: Tax Lot # 2122049021-01
Beginning at the southeast corner of the south half of the north half of the southeast quarter of the
northeast quarter of Section 21, Township 22 North, Range 4 East, W.M., in King County,
Washington;
Thence north 89°41'00" west along the south line of said south half of the north half of the
southeast quarter of the northeast quarter 1318.90 feet to the southwest corner thereof;

Thence continuing north 89°41'00" west along the prolongation .of said south line 79.98 feet,

more or less, to an intersection with the easterly line of State Road Number 1 (Highway 99);
Thence north 08°54'00" east along said easterly line of State Road Number 1, 327.02 feet to a
point where said easterly line of State Road Number 1 is intersected by the westerly prolongation
of said north line of said south half of the north half of the southeast quarter of the northeast
quarter;
Thence south 89°49'07"-east along said westerly prolongation of said north line 25.91 feet, more,
or less, to the northwest comer of said south half of the north half of the southeast quarter of the
northeast quarter;
Thence continuing south 89°49'07" east along the said north line 1319.25 feet to the northeast
corner of said south half of the north half of the southeast quarter of the northeast quarter;
Thence south 00°28'18" east along the east line thereof 326.72 feet to the point of beginning;
EXCEPT the westerly 250 feet (as measured along the north line of said property), and parallel to
the east line of State Road Number 1 (Highway 99).
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Declaration

SITE NAME AND LOCATION

Midway Landfill
Kent, Washington

CERCLIS Identification Number: WAD 98.0638910

STATEMENT OF BASIS AND PURPOSE

This Decision Document presents the selected remedy for the Midway Landfill site, located in
the City of Kent, King County, Washington. This Record of Decision (ROD) has been
developed in accordance with the requirements of Comprehensive Environmental, Response,
Compensation, and Liability Act (CERCLA) of 1980, 42 USC §9601 et seq. (CERCLA), a«
amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA), and, to
the extent practicable, the National Oil and Hazardous Substances Pollution Contingency Plan
(NCP), 40 CFR Part 300. This decision is based on the Administrative Record for the Site.

The remedy was selected by the U.S. Environmental Protection Agency. The State of
Washington concurs with the selected remedy.

ASSESSMENT OF THE SITE

The response action selected in this Record of Decision (ROD) is necessary to protect the
•public health or welfare or the environment from an actual or threatened release of hazardous
substances into the environment. Such a release or threat of release may present an imminent
and substantial endangerment to public health, welfare, or the environment.



DESCRIPTION OF THE SELECTED REMEDY

The selected remedy for the Midway Landfill site consists of:
1. Monitoring to:

a) ensure the remedial systems are working as designed,
b) ensure progress is being made towards meeting the groundwater cleanup standards,
c) ensure adequate containment is maintained when and if major changes are approved

by Ecology in the operation of the site, and
d) demonstrate that the cleanup levels have been achieved.

Monitoring includes, but is not limited to, groundwater monitoring and landfill gas
monitoring.

2. Continuing to operate and maintain all remedial project elements required in the
Ecology/City of Seattle 1990 consent decree, including the gas collection system, the
multilayered cap, and the storm water collection system.

3. Implementing institutional controls. Three types of institutional controls are included
in the selected remedy: permanent notices in King County's real estate records, assurances in
the 1990 consent decree that operation and maintenance of the containment and monitoring
systems will continue if the ownership or control of the property should change; and annual
notices to .appropriate agencies, water districts and locally active well drillers so that no water
supply wells are constructed or used in areas with groundwater contamination from the
landfill.

This ROD also establishes cleanup levels for the groundwater down gradient from the
landfill.

STATUTORY DETERMINATIONS

The selected remedy is protective of human health and the environment, complies with
Federal and State requirements that are applicable or relevant and appropriate for the
remedial action, is cost-effective, and utilizes permanent solutions and alternative treatment
technologies to the maximum extent practicable.

The remedy selected in this ROD does satisfy the statutory preference for treatment as a
principal element of the remedy. Extracted landfill gas is flared as part of the existing landfill
gas collection system.

Because this remedy will result in hazardous substances remaining on-site above levels that
allow for unlimited use and unrestricted exposure, a statutory review will be conducted under
CERCLA within five years of this Record of Decision to ensure that the remedy continues to



be protective of human health and the environment.

DATA CERTIFICATION CHECKLIST

The following information is included in the Decision Summary section of this ROD.
Additional information can be found in the Administrative Record file for this site.

Chemicals of concern (COCs) and their respective concentrations. (See Section 5.)

A baseline risk assessment for current conditions at the landfill was not prepared
because the contaminants of concern, migration routes, and the risks to human health and the
environment were characterized in RI/FS reports completed in 1990. However, there is a need
for action because groundwater downgradient from the landfill still contains contaminants of
concern above federal drinking water standards (MCLs.) (See Section 7.)

Cleanup levels established for COCs and the basis for these levels. (See Section 8.)

How the source materials constituting principal threats are addressed. Source
materials constituting principal threats have not been identified at Midway Landfill. (See
Section 4.)

Current and reasonably anticipated future land and groundwater use assumptions used
in the ROD. (See Section 6.) .

Potential land uses that will be available at the site as a result of the selected remedy.
(See Sections 6 and 11.3.)

Annual cost estimates for the selected remedy. (See Section 11.2.)

Key factors that led to selecting the remedy. (See Section 11.1)

Charles E. Findley . ' / Date
Acting Regional Administrator, Region 10
United States Environmental Protection Agency



Decision Summary

Midway Landfill
Kent, Washington

1. Site Name, Location, and Description

The Midway Landfill is located between Interstate-5. (1-5) and Highway 99, and between S.
252nd Street and S. 246th Street in Kent, Washington, directly east of the city of Des Moines.
(Figure 1-1.) The landfill is approximately 60 acres in size with refuse buried on about 40
acres and at depths over 100 feet. From 1966 to 1983, approximately three million cubic
yards of solid waste were deposited at the Midway Landfill. The landfill is now owned by the
City of Seattle.

Because of the remedial work performed by the City of Seattle since 1985, environmental
conditions have greatly improved. The landfill is now covered with a multilayered engineered
cap, with a top layer of grass. The landfill is fenced and access is limited. A gas extraction
system is in place and operating throughout the landfill. Because of these actions, potentially
explosive landfill gas does not leave the landfill property and the quality of the groundwater
leaving the landfill has greatly improved. The city's estimate of closure costs amounted to
about $56.5 million as of 1995.

Land use in the landfill vicinity consists primarily of commercial activities and residential
areas. Commercial establishments and light industry and manufacturing border both sides of
Highway 99 in the area. Two elementary schools, Sunnycrest Elementary School and

Parkside Elementary School, and a city park, Linda Heights Park, are within a half-mile radius
of the site. Most of the nearby residences are detached single-family dwellings, with some
multi-unit residential developments to the south and west. Several mobile home parks are
also in the vicinity. A six-acre wetland, the Parkside Wetland, located to the east of the
Parkside Elementary School and west of the landfill is a naturally occurring detention basin
for local surface water runoff, primarily from the west side of Highway 99.

There are no wetlands, flood plains, rare, threatened or endangered species, or sites on or
eligible for the National Registry of Historic places at the site. Storm water from the site
drains into McSorley Creek, which is a salmon-bearing stream containing coho and chum
salmon, steelhead and cutthroat trout. Coho salmon is a candidate for listing under the
Endangered Species Act.
The State of Washington Department of Ecology (Ecology) has been the lead regulatory
agency for the cleanup work at Midway Landfill since the mid-1980's. While the U.S.
Environmental Protection Agency (EPA) has prepared and released a proposed plan and this
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ROD, EPA expects Ecology to- continue to be the lead cleanup regulatory agency overseeing
this remedial action. The work has been, and will continue to be, conducted by the City of
Seattle.

2. Site History and Enforcement Activities

2.1. Site History through the 1990 Consent Decree.

From 1945 to 1966, the site of the current Midway Landfill was operated as a gravel pit.
Originally, the pit was adjacent to a natural drainage basin often used as a settling pond. This
basin, known as Lake Meade, was located northeast from the center of the present landfill. As
the pit was mined, water was drawn from Lake Meade to wash silt and clay from the gravel
and sand, and then returned to the lake. This silt and clay settled on the lake bottom. Near the
end of the. gravel pit operation, the lake was drained into the southern end of the gravel pit,
depositing a layer of clay and silt into the bottom of the pit. This layer of fine materials
currently underlies much, but not all, of the present landfill.

In'1966, the City of Seattle leased the site and began using it as a landfill. From 1966 to
1983, approximately three million cubic yards of solid waste were deposited there. The
exact dimensions of the bottom of the landfill are not known. However, existing boreholes
indicate that the solid waste extends as deep as 130 feet in some places.

The Midway Landfill was created primarily to accept demolition materials, wood waste and
other slowly decomposing materials. However, some hazardous wastes and industrial wastes,
including approximately two million gallons of bulk industrial liquids from a single source,
were also placed in the landfill. In 1980, a state-mandated screening process administered by
the Seattle-King County Department of Public Health was initiated to eliminate the disposal
of any hazardous waste into Midway Landfill.

When the City closed the landfill in the fall of 1983, it began extensive testing of water and
gas in the landfill and its vicinity. Samples of groundwater from monitoring wells in and •
around the landfill, and gas samples from gas probes, indicated the presence-of organic and
inorganic contaminants outside the landfill boundary. In 1985, Ecology also began inves-
tigating the site and found methane gas in nearby residences. Beginning in September 1985,
the City of Seattle constructed gas migration control wells within the landfill property and gas
extraction wells beyond the landfill property to control the subsurface migration of gas. Gas
was found to have migrated up to 2600 feet beyond the landfill prior to installation of the gas
extraction system.

In October 1984, Midway Landfill was nominated for inclusion on the federal National
Priorities List (NPL) based on potential groundwater contamination. Following that
nomination, Ecology was designated as the lead agency for the Midway Landfill Superfund



action, pursuant to a Cooperative Agreement with EPA. In May 1986, Midway Landfill was
placed on the NPL. In September 1988, the City of Seattle, which owns and had operated
Midway Landfill, entered a Response Order on Consent with Ecology. This Response Order
governed the preparation of a Remedial Investigation and a Remedial Action Feasibility Study
(RJ/FS) for the landfill.
In May 1990, prior to completion of the remedial investigation and feasibility studies, the City
and Ecology entered into a consent decree pursuant to State of Washington Model Toxics
Control Act (MTCA.) This legal agreement set forth Ecology's determina.tion that
undertaking certain remedial actions at Midway Landfill, prior to a Cleanup Action Plan (a
MTCA decision document, similar to a Superfund ROD) would provide immediate
protection to public health and the environment. In this consent decree, the City of Seattle
agreed to finance and perform specific cleanup work. This cleanup work, or remedial action,
had four elements:

Construction of a landfill cover. The multi-layered Landfill Cover System ("cap")
was to be comprised of layers (from bottom to top) of low permeability clayey
silt/silr>' clay, a 50-mil synthetic membrane, a geonet drainage layer, one foot of sand
and one foot of topsoil planted with shallow rooted grasses. The landfill cover was
designed to greatly reduce the amount of rain that would seep into the landfill and to
control the post-closure escape of hazardous emissions from the landfill.

Completion of a gas extraction system, including a Final Gas Manifold System to link
onsite extraction wells to an enhanced motor blower and flare system. The purpose of
the onsite extraction wells was to create a "vacuum curtain" around the closed landfill
to prevent offsite migration of landfill gas, and to help draw previously migrated gas
back to the landfill. The enhanced flares were installed to burn the extracted gas
before discharge to the atmosphere. The gas extraction system also included
approximately 127 offsite gas monitoring probes to provide data on the extent of
landfill gas migration and the effectiveness of the extraction system.

Completion of a surface water management system. This system consisted of site
filling and grading to control surface water drainage to prevent surface water from
infiltrating the landfill, construction of a 10 million gallon storm water detention pond
with a permanent dewatering system, a controlled discharge structure, and rerouting of
storm water from surrounding areas to prevent it from entering the landfill. This
rerouting was done by diverting the Linda Heights Park drain and surface water runoff
from 1-5 to the detention pond.

Preparation of a comprehensive operation and maintenance manual incorporating both
short-term and long-term operation and maintenance requirements for all remedial
actions implemented at the landfill as part of the consent decree.



The consent decree also required the City to place a notice in the records of real property kept
by the county auditor stating that the landfill was on the NPL, and serve a copy of the consent
decree upon any prospective purchaser, lessee, transferee, assignee, or other successor in
interest to the property prior to the transfer of any legal or equitable interest in all or any
portion of the landfill.

2.2. Status of the work required by the 1990 Consent Decree

The City of Seattle completed construction of the landfill cover, landfill gas extraction
system, and surface water management system in November 1992. Some of the other
requirements of the consent decree have not yet been completed. As discussed in the
following section, Ecology and the City of Seattle anticipate amending the 1990 consent

.decree after this ROD is signed.

Construction elements required by the 1990 Consent Decree

Landfill Gas Control - An active gas control system was installed at the Midway Landfill. It
originally included 87 gas extraction wells, 31 of which were located off the landfill in native
soil. The off-landfill wells have since been abandoned or capped. In addition, approximately
70 off-landfill gas monitoring probes were installed to pro vide-information on gas
concentrations; about half of these probes have since been abandoned. The gas is extracted
through the control wells at the landfill and routed to a permanent blower/flare system.
Construction of the gas migration control system began hi September 1985 and was
completed in March 1991.

Landfill surface filling and grading - The landfill surface was regraded which increased the
soil cover over the landfill by 2 to 14 feet. The engineered grades unproved surface water
runoff and decreased infiltration. The fill was also compacted to reduce permeability and
prepare the surface for the cover system. The work began in August 1988 and was competed
in June 1989.

Storm Water Detention Pond Construction and Associated Dewatering and Discharge System-
A lined detention pond was constructed to the north of the landfill. Regrading of the landfill
surface redirected surface water, which previously infiltrated into the landfill, to the new
detention pond. The detention pond is a 3 acre structure, lined with a 60-millimeter high-
density polyethylene membrane-(HDPE) to eliminate infiltration. The bottom of the pond was
constructed below localized groundwater; therefore, a permanent dewatering system was also
installed. Construction of the storm water detention pond began in August 1988 and was
completed hi June 1989.

Landfill Cap Installation - Construction of the final landfill cover began hi October 1989 and



was completed in May 1991. It consists of the following layers from bottom to top: a 12-inch
thick layer of low permeability (1 x 10-7 cm/sec) soil/clay material; a 50 millimeter HDPE
flexible membrane; drainage net; filter fabric; 12:inch-thick drainage layer; and a 12-inch-
thick topsoil layer.

Linda Heights Park Storm Water Diversion - The Linda Heights Park drain, a 30-inch culvert
that drained directly into the landfill, was blocked. Storm water is now routed through a
pump station and a pipeline to the detention pond. The old discharge line to the landfill is still
in place and functions as an overflow in the event of a pump station failure. The construction
of this rerouting began in August 1989 and was completed hi 1991. The pump station and
associated diversion of storm water was activated in January 1992,

Non-construction elements required by the 1990 consent decree

Operation and maintenance (O&M) plan - A comprehensive operation and maintenance
manual for both short-term and long-term operation and maintenance for the systems
constructed under the consent decree was prepared by the City of Seattle, and was approved
by Ecology in April 1992.

Deed notice - The deed notice required by the consent decree has not yet been placed on the
property.

Monitoring and monitoring plan - Monitoring and a monitoring plan are not specifically
identified, as required activities in the 1990 consent decree. An amendment to the consent
decree will specify a requirement to implement a compliance monitoring plan approved by
Ecology, as well as to implement an operations and maintenance plan already required to be
prepared under the 1990 consent decree. The City of Seattle and Ecology are still in
negotiations on the long-term monitoring plan. Starting hi late 1989, the City initiated
performance and compliance monitoring programs at the landfill. Performance monitoring
(which did not include chemical analysis) was intended to track the response of landfill
leachate levels and shallow groundwater levels to the implementation actions required by the
consent decree. Quarterly water quality monitoring began hi 1990 to develop a database for
water quality in selected groundwater monitoring wells. This monitoring program, which
became the compliance monitoring program, was modified hi 1993 and again in 1998 with
concurrence from Ecology. Compliance monitoring was intended to track the presence,
concentrations and migration of groundwater contaminants both up gradient and
downgradient of the landfill, and to assess the effectiveness of the remedial action. Both
monitoring programs are ongoing and sampling is presently conducted on a twice yearly
basis. Landfill gas monitoring is conducted frequently; it consists of checks for
concentration, composition, temperature, flow and velocity of gases in and around the landfill.



3. Community Participation

Because of the high degree of public interest in the landfill, the City of Seattle and the
Washington State Department of Ecology first developed a formal community involvement
program in 1985 when residents near the landfill became concerned about landfill gas
migration. Public meetings were held at critical points to keep residents informed about
activities at the landfill. Also, for about two years, the City ran an information office in the
Midway area to give citizens a convenient place to find out about cleanup activities, health
information, and legal claims. As landfill gas migration was brought under control and
residents' fears subsided, office hours were reducecLand eventually the office closed. During
the same period, a newsletter was sent to about 70GO area residents. The City and Ecology
also worked with leaders from local active community groups to set up MAG (Midway
Action Group) meetings, which were held monthly at first, and then less frequently. Through
these meetings, community members could express their views and learn about the
investigation and cleanup process.

The City created the Good Neighbor Program- in 1986 to help the community when concern
over landfill gas was at its peak. The program addressed fears-about perceived drops in
property values. The City guaranteed residents that their homes would sell for fair market
value, as if the landfill was not there. The City continued the program until the real estate
market returned to normal.

Very few formal community participation activities took place in the 1990's, though Ecology
and City of Seattle staff continued to be available to respond to concerns and questions from
the public.

EPA's proposed plan was issued in May 2000 and the original public comment period ran
from May 18 to June 16, 2000. Over 2,000 fact sheets summarizing the proposed plan were
sent to all addresses and residents in the three postal carrier routes around the landfill.
Additionally, the fact sheets were mailed to 48 other potentially interested parties (such as the
Cities of Kent and Des Moines) outside the carrier route. Approximately two to three dozen
copies of the proposed plan were sent out, and additional copies were available from EPA's
Seattle office and at the City of Kent Regional Library.- The fact sheet and proposed plan were
also available on the Region 10 web page. Display notices were published in the Seattle
Times, Seattle Edition on May 16, in the Seattle Times, South County Edition, on May 23,
and in the South County Journal on May 17. The City of Seattle asked for an extension of the
comment period on June 15, and the end of the public comment period was extended until
July 17, 2000. Notices of the extension were published in the Seattle Times, South County
Edition and the South County Journal on June 21.

The fact sheets, newspaper notices and the proposed plan offered to hold a public meeting if



sufficient interest was expressed by May 31, 2000. Only four requests for a meeting were
received and thus a public meeting was not held. EPA staff called each person who requested
a meeting to make sure he or she had all the information they wanted about the Midway
Landfill and the proposed remedial decision.

Four comment letters on the proposed plan were received. EPA's response to these comments
can be found in the attached Responsiveness Summary.

This decision is based on the administrative record. The Midway Landfill Administrative
Record is located at the EPA Superfund Records Center, 1200 Sixth Avenue, Seattle,
Washington, and in the Kent Regional Library, 212 2nd Avenue N, Kent, Washington.

4. Scope and Role of this Response Action

This ROD is the final CERCLA decision for the Midway Landfill site.
The City of Seattle's cleanup work, including the work done in response to the 1990 consent
decree between the City and Ecology, has successfully reduced the environmental problems at
the landfill. The selected remedy incorporates elements required in the 1990 consent decree
between City and Ecology, and adds some elements to ensure long-term protectiveness of the
remedy. The selected remedy also sets groundwater cleanup standards.

The Midway Landfill site has no "principal threat" wastes, as that phrase is defined in EPA
guidance.

For the purposes of this ROD.and potential future deletion of this site from EPA's National
Priorities List, the Midway Landfill "site" is the landfill area containing waste, and all
downgradient contaminated groundwater resulting from releases from the landfill. Several
potential up gradient groundwater sources have been identified but are not included within the
"site" and are not addressed by this ROD.

Ecology has separate responsibilities for decision-making at the Midway Landfill site under
the State's Model Toxic Control Act (MTCA). Under MTCA, the decision document that
selects the cleanup action and cleanup levels is called a Cleanup Action Plan. Ecology and
the city had been working on a final Cleanup Action Plan for Midway Landfill for many
years. When, in February 2000 it was determined that it was unlikely that such a Cleanup
Action Plan could be completed in FY 2000, Ecology agreed that EPA could write a
CERCLA ROD for the landfill so that a determination of CERCLA construction completion
could be made. Ecology has decided to utilize the ROD as a Cleanup Action Plan for a final
MTCA remedy, pursuant to WAC 173-340-360(13). This decision will be specified in an
anticipated amendment to the 1990 consent decree.
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Ecology has'been the lead regulatory cleanup agency at the Midway Landfill site. EPA
expects Ecology to continue in that capacity.

5. Site Characteristics and Nature and Extent of Contamination

5.1. Conceptual Site Model and Summary of Landfill Conditions

Because of the remedial work performed by the City of Seattle at Midway Landfill since
1985, the environmental conditions at the site have greatly improved.

Potentially explosive methane gas does not leave the landfill property, and has not
since 1990. The gas is collected within the landfill and then burned on the site. The
gas collection system has also helped dry out the landfill contents and further reduce

. the contaminated groundwater leaving the .landfill.
Storm water no longer enters the landfill. The entire landfill is covered with an

. engineered cap. Clean storm water is collected from the entire surface of the landfill
and the surrounding area and stored in a lined storm water detention pond north of the
landfill before discharge to McSorley Creek.
There aie multiple layers of sand, or sand and gravel, under or around the landfill that
allow subsurface movement of groundwater to and from the landfill. These layers, or
aquifers are called, in order from the surface to the deepest layers studied: the Shallow
Aquifer; Saturated Refuse and Landfill Leachate; the Upper Gravel Aquifer, the Sand
Aquifer, and the Northern and Southern Gravel Aquifers.
Water in the Shallow Aquifer, the Upper Gravel Aquifer and the Sand Aquifer moves
from outside the landfill inward towards the south end of the Midway Landfi.ll. This
water, along with the leachate developed within the landfill itself, then joins the deeper
Southern. Gravel Aquifer. Water from the landfill does not appear to enter the
Northern. Gravel Aquifer. •
There is now significantly less water within the landfill because of the remedial
actions described above. Many of the shallower monitoring wells in or near the
landfill that used to contain contaminated groundwater are now dry. The water levels •
around the landfill in both the Upper Gravel Aquifer and the Sand Aquifer have also
generally dropped. These results mean that much less water is entering the landfill and
the containment systems constructed by the City of Seattle have been successful.
The only downgradient monitoring wells where contamination has been detected over
the past two or three years are in the Southern Gravel Aquifer. Two of these wells are
located approximately 600 feet and 1200 feet east of the south-east corner of the
landfill. Three chemicals, 1,2-dichloroethane, vinyl chloride, and manganese, have
been detected at levels of concern. The two VOCs were detected at slightly above the
federal drinking water standard. Manganese has also been detected at levels above
background on the west side of the landfill in the Southern Gravel Aquifer.
Another Southern Gravel Aquifer monitoring well that is closer to the landfill has met
all federal drinking water standards for the past two years. Groundwater monitoring
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conducted during the RI indicated that this same well had contaminants at levels
greater than 10 times the federal drinking water standard. Again, these results indicate
that the containment remedy appears to be successful.
There is some groundwater contamination in the Sand Aquifer to the north, northwest
and west of the landfill that did not come from Midway Landfill. Some of the
.groundwater samples hi this area are above both federal and state drinking water
standards and the MTCA cleanup standards. This contamination may be flowing
towards and under the Midway Landfill. No one iv using this groundwater and thus no
one is currently exposed to this contamination.

The following sections provide more detailed summary information about the site
characteristics, hydrogeology, and groundwater quality.

5.2. Geographic Description :

The Midway Landfill is located near the crest of a narrow north-south trending glacier feature
known as the-'Des Moines Drift Plain. This area, referred to as "upland" because of its
location above adjacent valleys and sea level, is bordered by Puget Sound on the west and the
Cjreen River valley on the east. Maximum elevations along the crest of the upland generally
range from 400 to 450 feet above mean sea level (MSL). Puget Sound is at sea level, and the
Green River valley floor typically averages about 30 feet above MSL.

The Midway Landfill occupies a shallow, bowl-shaped depression near the crest of the
upland. The surface of the landfill generally ranges from 360 to 400 feet above MSL and
slopes upward to the south and east. West of the landfill, the land surface is nearly flat across
Highway 99 and men drops steeply downward approximately 100 feet to the Parkside
Wetland.

The upland area is cut with a number of steep-sided stream valleys. Midway Creek is located
northeast of the landfill, and two other streams, the north and south forks of McSorley Creek,
are located to the west and southwest, respectively.

There is no major surface water body in the immediate vicinity of the Midway Landfill. The
closest are Lake Fenwick, located approximately one mile to the southeast, and Star Lake,
located approximately 1.5 miles to the south.

5.3. Geology

Site geology and hydrogeology have had a major influence on the movement of contaminants
hi the vicinity of Midway Landfill, the impact of the completed remedial actions, and affect
the selection of the cleanup remedy.-
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The Des Moines Drift Plain is part of the Puget Lowland that lies between the Olympic
Mountains on the west and the Cascade Mountains on the east. The Puget Lowland is
underlain by a thick sequence of Quaternary glacial, fluvial (riverine), and lacustrine (lake
bed) deposits overlying Tertiary volcanic and sedimentary bedrock. Depth to bedrock is
thought to exceed 1,000 feet near Midway Landfill. Deposits of at least four glaciations have
been identified in the Puget Sound Lowland. The most recent glaciation, the Fraser, consisted
of two stages: the Vashon (oldest) and Sumus (most recent).

Based on earlier studies of the area and analysis of geological samples collected during the
installation of monitoring wells for the RI, nine stratigraphically. distinct deposits were
identified from the land surface down approximately 400 feet to sediments that are near
current mean sea level. Because of the complex layering in all the' sediments underlying the
landfill, vertical and horizontal permeabilitie;? are highly variable and produce a complex
groundwater flow pattern.

5.4. Hydrogeology and Ground Water Quality

Groundwater movement within and below the landfill has been characterized to an
approximate depth of 300 to 350 feet below ground surface (50 to 100 feet above mean sea
level (MSL)). Several groundwater units have been identified within this interval. From
shallowest to deepest these aquifers are: Shallow Groundwater; Saturated Refuse; Upper
Gravel Aquifer (UGA); Sand Aquifer (SA); and Southern Gravel Aquifer (SGA) and Northern
Gravel Aquifer (NGA) An east-west cross section is shown in Figure 5-1; the line of this
cross-section is H-H'on Figure 5-2.

Between October 1986 and January 1990, a total of 56 groundwater monitoring wells were
installed and sampled in 41 locations up gradient and downgradient of the Midway Landfill.
(Many wells have multiple completions at the same location). Samples from these locations
were analyzed for conventional water quality parameters and EPA's hazardous substance list,
including metals, volatile organic compounds (VOCs), pesticides and other potentially
hazardous substances. Hazardous substances detected in the groundwater included arsenic,
manganese, benzene, 1,2-dichloroethane, vinyl chloride, and methylene chloride.

In addition, the extent of contaminant migration into the groundwater system beneath the
landfill was estimated using.specific chemicals as indicators of leachate movement within the
aquifers. In particular, chloride concentrations in the landfill leachate were several hundred
times greater than background groundwater concentrations. Therefore, elevated chloride was
used to delineate the extent of the contaminant plume and as a conservative tracer of
groundwater movement. The concentrations of manganese (a naturally-occurring metal that is
often elevated downgradient of landfills) and certain chlorinated ethenes and ethanes in the
groundwater were also used to confirm the extent of the plume.
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A subset of the RI groundwater monitoring network has been used for monitoring the effects
of the work required by the consent decree. Figure 5-3 shows the locations of the monitoring
wells still used to monitor groundwater quality. Water levels are monitored in these and
additional monitoring wells.

Of the hazardous substances identified during the RI, only manganese and two VOCs,
1.2-dichloroethane and vinyl chloride, are still considered groundwater contaminants of
concern. None of the other hazardous substances have been detected in groundwater at levels
approaching federal drinking water standards downgradient of the landfill for at least eight
years.

* .

The sections below summarize, by aquifer, the hydrogeology and groundwater quality
information collected during the past 10 years as part of the groundwater monitoring program.
For comparison, averaged contaminant concentration data (arithmetic mean) from the RI are
also included. Nondetects were incorporated into these averages by using half the detection
limit.

5.4.1. Shallow Groundwater

5.4.1.1. Shallow Groundwater Hydrogeology

This zone of saturation was described in the RI as shallow, discontinuous lenses of
groundwater perched on low permeability deposits above the UGA. Field work and data
analyses since completion of the RI indicate while the groundwater in this unit is shallow and
discontinuous, it is not always perched above low permeability materials. The majority of
these shallow zones are found north and south of the landfill. The general water elevation of
the shallow groundwater zone adjacent to the landfill is generally at about 325 feet above
MSL north and south of the landfill, and lower, and more discontinuous to the east and west
(Figure 5-4).

The landfill's detention pond dewatering system affects shallow groundwater flow through
areas along the northern periphery of the landfill. Shallow groundwater north of the landfill
that exists at 320 feet or higher in elevation is captured by the pond's dewatering system and
routed to North McSorley Creek. This system limits the capacity of the shallow groundwater
to discharge into the landfill from the north; however, groundwater deeper than 320 feet in
elevation can and does discharge into the landfill from the north. Shallow groundwater also
occurs in disconnected zones south of the landfill at an elevation of approximately 325 feet,
and discharges, at least seasonally, into the landfill.

5.4.1.1. Shallow Groundwater Water Quality

Shallow groundwater water quality has not been monitored as part of the performance and
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compliance monitoring system. Shallow groundwater flows into the landfill.

5.4.2 Saturated Refuse and Landfill Leachate

5.4.2.1. Landfill Leachate Hydrogeology

Prior to the remediation required by the 1990 consent decree, the major sources of water to the
landfill were: surface water infiltrating from the landfill surface and from areas north of the
landfill that drained into the landfill; storm water discharge from the Linda Heights
neighborhood, and 1-5 drainage that was routed into the landfill as part of the construction of
1-5; and shallow groundwater from north and south of the landfill. Refuse located below
elevations of approximately 325 feet was generally saturated (Figure 5-5).

Flow in the refuse was generally from the north and west toward the south-central section of
the landfill, where the pit excavations were deepest. Leachate may have discharged vertically
throughout much of the landfill base, although the rate of discharge was affected by the fine-
grained material deposited during gravel pit operations. Prior to remediation, the greatest
volume of vertical flow was ia the south-central area, where leachate discharged to the
underlying Upper Gravel Aquifer.

Since construction of the engineered cap and storm water diversion systems, between 75 and
90 percent of the water that entered the landfill has been diverted and leachate levels have
dropped by as much as 20 feet. This can be seen by comparing water elevations within the
landfill in Figures 5-1 and 5-5, which corresponds to a 90 percent reduction in the amount of
saturated refuse. The only remaining sources of water to the landfill are the shallow,
discontinuous zones of groundwater north and south of the landfill. Water within the landfill
now slowly evaporates into the gas system or leaks through the base of the landfill,
approximately 100 to 150 feet below ground surface, into the underlying Upper Gravel
Aquifer, described below.

5.4.2.2. Landfill Leachate Water Quality

Studies conducted during the RI established that most of the leachate from the landfill was
aqueous. A small amount of floating light non-aqueous phase liquid (LNAPL) was also
detected in the landfill. Dense non-aqueous phase liquid (DNAPL) has never been detected at
the landfill.
Leachate samples were collected as part of the RI and analyzed for conventional water quality
parameters and compounds on the EPA hazardous substance list. Results from these analyses
and related monitoring indicated:

The aqueous leachate contained aromatic and aliphatic hydrocarbons, dissolved salts,
suspended particulates and low levels of VOCs and metals. Polynuclear aromatic
hydrocarbons (PAHs) and poly chlorinated biphenyls (PCBs) were only detected in
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groundwater samples in wells located adjacent to or in-direct contact with NAPL pools.
The LNAPL contained metals, VOCs including trans-1.2-dichloroethene and the

BETX group (benzene, ethylbenzene, toluene and xylene), PAHs commonly detected in
petroleum oil, and PCBs. PCB concentrations ranged from 107 ppm to 1,142 ppm.

Some wells within the landfill had up to 20 feet of NAPL. Monitoring of wells
outside the landfill did not detect any NAPL.

A pumping program was tested as part of the 1990 FS to see if the LNAPL was
• extractable. Less than 100 gallons were extracted from the three wells with the greatest
volume of NAPL; recharge into these wells was very slow.

Water quality in the landfill leachate has not been monitored as part of the performance :

monitoring system, though water depth and LNAPL have been. By 1998, of the
approximately 18 wells monitored for oil thickness, approximately 13 had either no oil or
only a trace of oil. The remaining 5 had oil measured between 0.27 feet and. 3.96 feet.

5.4.3 The Upper Gravel Aquifer (TJGA) and the Upper Silt Aquitard

5.4.3.1. Hydrogeology of the UGA and Upper Silt Aquitard

The Upper Gravel Aquifer consists of fifty to one hundred feet of outwash gravels that
underlie the low permeability layer at the base of the landfill located 100 to 170 feet below
ground surface. These gravels consist of interbedded zones of permeable gravels and less
permeable mixtures of silt, sand, and gravels. Prior to construction of the actions required by
the 1990 consent decree, discharge from the landfill resulted in significant areas of saturation
within the UGA, especially in water-bearing strata at the base of the unit, where several
monitoring wells were placed. (See, for example, Figure 5-5.)

Groundwater flow in the UGA is generally from both the north and south inward toward an
area beneath the southern end of the landfill where the groundwater discharges downward into
the underlying Sand Aquifer (SA): The UGA and SA are separated by the Upper Silt
Aquitard, a discontinuous layer of fine-grained silt, clayey silt, and silty fine sand that is
present throughout most of the study area. Vertical flow from the UGA into the SA is most
pronounced in places where the aquitard is absent. One of these "windows" in the aquitard
exists beneath the southern end of the landfill, where it allows the discharge from the UGA
into the SA to occur. Discharge through this window was manifested as a distinct
groundwater sink during the RI.

The construction of the remedial actions required by the 1990 consent decree and the
subsequent dewatering of the refuse have greatly reduced-the amount of recharge entering this
unit. Groundwater continues to enter the UGA north and south of the landfill, and the
groundwater and leachate continues to flow toward the sink beneath the southern part of the
landfill.
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However, the response of the UGA to changing conditions at the landfill was strong and rapid
as indicated by the monitoring wells designed to monitor water quality conditions. Within the
landfill footprint and around the perimeter, the UGA monitoring wells have been dry since
1992, even with rainfall that was significantly greater than average during the years from 1997
to 1999. Figure 5-6 shows the current potentiometric surface of the UGA. The sink still
exists and appears to have "deepened" due to the loss of recharge from the landfill.

The UGA beneath the landfill is under vacuum from the landfill gas collection system. Any
leachate leaking through the base of the landfill and infiltrating into this zone moves mostly
by unsaturated flow and is directly exposed to the vacuum under conditions designed to strip
volatile organics from the infiltrating water. This combination of predominately unsaturated
conditions in the aquifer and the vacuum from the gas extraction system helps to contain
volatile organics from being released to the underlying groundwater system.

5.4.3.2. Water Quality in the Upper Gravel Aquifer (UGA)

Prior to construction of the actions required by the 1990 consent decree, water quality in the
water-bearing strata at the base of the unit, where several monitoring wells were placed,
showed significant impacts from leachate. However, the RI concluded it was unlikely that
contamination in the Upper Gravel Aquifer existed further than 100 to 200 feet from the
landfill (in the south, west, and east direction) because of the strong component of downward
flow in the aquifer into the underlying Sand Aquifer.

Following the remedial work required by the 1990 consent decree, the monitoring network in
the UGA included two up gradient wells (MW-21A and MW-16) and two downgradient wells
(MW-7A and MW-19B). The downgradient wells were located at points where the saturated
refuse was believed to be discharging leachate downward into the UGA. However, the
downgradient wells MW-7A and MW-19B have not been sampled since 1992 due to the
declining groundwater levels hi the UGA: In the two or so years prior to going dry, both
wells had no detectable concentrations of any VOCs, except chlorobenzene at concentrations
ranging from non-detected to 4 ppb (the federal drinking water standard or Maximum
Contaminant Level (MCL) is 100 ppb); benzene at concentrations ranging from non-detect to
3 ppb (MCL is 5 ppb); chloroethane at concentrations from non-detected to 3 ppb and single
hits of.l,2-dichloroethane at 1 ppb and acetone at 25 ppb. During the same years, manganese
concentrations ranged from 3.5 to 5.2 mg/L.

5.4.4 The Sand Aquifer (SA] and the Lower Silt Aquitard

5.4.4.1. Hydrogeology of the Sand Aquifer and the Lower Silt Aquitard

The SA occurs as a widespread regional deposit of interbedded sands and silts 200 to 300 feet
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below the surface. Flow in this aquifer in the vicinity of the landfill is generally from the
north and west to the southeast toward a hydraulic sink that occurs across a broad area beneath
the southern part of the landfill and extending several hundred feet to the east (Figure 5-7).
Groundwater to-the south and east of this sink also flows towards the sink. Consequently, the
sink limits the extent that the landfill impacts the SA, and impacts are not seen beyond the
sink to the east. This sink is believed to be located from the southeastern section of the '
landfill and up to 800 feet further east. Groundwater entering this sink flows downward into
the Southern Gravel Aquifer (SGA).

The deepening of the sink in the UGA as the landfill dewatered is also seen in the SA where
the SA sink has also deepened over the last 5 years. The two S A' groundwater flow
monitoring wells within the footprint of the landfill are currently dry, and have been for
several years; the down gradient SA groundwater chemistry monitoring wells, which are
located further from the landfill, only sometimes contain sufficient water for sampling.

The SA and SGA are separated by "the Lower Silt Aquitard. Like the Upper Silt Aquitard, the
Lower Silt Aquitard is present as a significant unit throughout the site, but is discontinuous in
places. These "windows" in the aquitard allow for the downward flow from the SA into the
SGA. The largest such window identified in the study area exists below the sink hi the SA.

5.4.4.2. Water Quality in the Sand Aquifer

The post-1990 monitoring network in the SA initially included four up gradient wells
(MW-8B, MW-30B, MW-17B, and MW-21B) and three down gradient wells (MW-15A,
MW-20A, and MW-23A). MW-30B was originally installed as a down gradient well, but the
potentiometric surface showed that it was actually up gradient of the landfill on the far side of
the groundwater sink formed by SA groundwater discharging into the SGA. The well has
consistently been clean, and has been deleted from the groundwater monitoring network.

In this aquifer, the groundwater quality, situation is complex because of up gradient
contamination flowing towards the landfill. The up gradient wells MW-17B and MW-21B
are contaminated with chlorinated solvents, as shown below:
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Up Gradient Monitoring Wells In the Sand Aquifer - Recent Concentrations

MW-17B • Recent concentrations MCL
1,1-dichloroethane 90tol60ppb 800 ppb*

• 1,1-dichloroethene 4.8 to 8.2 ppb 7 ppb
1,2-dichloroethane 8 to 12 ppb 5 ppb

MW-21B
' 1,1-dichloroethane 11 to 14 ppb 800 ppb*

1,1 -dichloroethene 1.6 to 2.6 ppb 7 ppb
tetrachloroethene 24 to 3 5 ppb 5 ppb
trichloroethene 2.4 to 3.1 ppb 5 ppb

* 1,1-dichloroethane has no MCL. 800 ppb is the MTCA Method B cleanup' level in the 2/96 CLARC
n table.

Contamination in MW-17B has remained fairly constant over the last decade, while
contamination at MW-21B has been increasing slightly over the last several years. These two
wells remain the most contaminated wells in the monitoring well network, in terms of number
of contaminants found in the ground water. Both Ecology and the City of Seattle have
conducted studies to identify possible sources of this up gradient contamination.

MW-15A and MW-23A were selected to provide water quality information in the hydraulic
sink area. MW-23A has not been sampled since 1993 due to declining groundwater levels in
the Sand Aquifer. MW-15A was not sampled between 1993 and 1997, but has had sufficient
water for sampling from 1997 to the present. Since 1997 all VOCs have been non-detected
except 1,2-dichloroethane with concentrations from 1.1 to 2.1 ppb and manganese
concentrations have ranged from 0.005 to 0.028 mg/L. In the two or so years prior to water
levels getting low, MW-23A had similarly low concentrations of VOCs with 1,1-
dichloroethene from non-detected to 2 ppb; 1,2-dichloroethane from 1.9 to 4 ppb; and
trichloroethene from non-detected to 2 ppb. Manganese concentrations ranged from 1.7 to 4.1
mg/L.

One additional sand aquifer monitoring well (MW-20A) is located just west of the landfill.
This well is hydraulically down gradient of the up gradient source area near MW-17. .
Monitoring well MW-20A is also located hydraulically up gradient of the western edge of the
landfill because water from the Sand Aquifer flows underneath the landfill and down into the
Upper Gravel Aquifer. Historically, the water quality in the zone monitored by MW-20A was
impacted by both landfill and up gradient sources. MW-20A has been dry and thus not
sampled since 1994. In the two or so years before going dry, the following concentrations
were found in MW-20A:
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MW-20A - 1992 to 1994 Concentrations

1992 to 1994 Concentrations MCLs
1,1,1 -trichloroethane non-detected to 2.4 ppb 200 ppb
1,1-dichloroethane 12 to 37 ppb 800 ppb*
1.2-dichloroethane 2 to'5.3 ppb • 5 ppb
1,2-dichloroethene non-detected to 2 ppb 70 ppb
benzene non-detected to 1.1 ppb . 5 ppb
chloroethane • . - • 15 to 20 ppb ***
manganese 0.735 to 1.28 mg/L. 2.2

mg/L** . • '

* 1,1-dichloroethane has no MCL. 800 ppb is the MTCA Method B cleanup level in the 2/96 CLARC
II table.
** manganese has no primary MCL. 2.2 mg/L is the MTCA Method B cleanup level in the 2/96
CLARC II table.
*** chloroethane, also known as ethyl chloride, has no MCL nor MTCA Method B cleanup level in the
2/96 CLARC n table.

5:4.5. The Southern and Northern Gravel Aquifers

5.4.5.1. Hydrogeology of the Southern and Northern Gravel Aquifers

The deepest stratigraphic units studied were the Northern and Southern Gravel Aquifers
(NGA and SGA, respectively); they occur at about the same elevation (300 to 350 feet below
the surface), but. hydraulic heads hi the NGA are typically 100 feet higher than heads hi the
SGA. During the RI, the NGA was found to be clean and unimpacted.

The SGA is found beneath the southern half of the landfill and extends to the east, south and
west. It consists of permeable sands and gravel interbedded with silts and silty gravel. The
SGA appears to be recharged by the SA and by lateral flow from the south. A groundwater
mound in the SGA, below the hydraulic sink hi the SA, is believed to be an expression of
regional flow through the sink. Groundwater flow from the mound is to the east and west;
flow to the north is blocked by higher potentiometric heads within the NGA. Groundwater in
the SGA eventually discharges west, to Puget Sound and east to the Green River Valley. The
1998 potentiometric surface of the SGA is shown in Figure 5-8. Although the groundwater
mound is still present, water levels along the historical high point (MW-14B, for example)
have dropped by as much as 10 feet from pre-remedial conditions.

Responses to changing recharge conditions have been fairly rapid between the base of the
landfill and the SGA, with decreases in the SGA water levels occurring in less than 5 years
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from completion of the remedy required by the 1990 consent decree. Once ground water
enters the SGA,'the primary direction of flow shifts from vertically downward to horizontal,
with much lower potentiometric heads driving the flow indicating that water movement within
the SGA horizontally away from the landfill will be much slower than vertical movement
into the SGA.

5.4.5.2. Water Quality in the Southern Gravel Aquifer

Currently, the Southern Gravel Aquifer is the primary aquifer in which groundwater moves
out and away from the landfill, and thus is the primary potential groundwater exposure
pathway beyond the landfill property.

The post-1990 monitoring network in the SGA initially consisted of one up gradient well
(MW-24B) and five downgradient wells (MW-14B, MW-20B, MW-23B, MW-29B, and
MW-30C). Well 24B has since been removed from the water quality monitoring network
because it has never shown any evidence of groundwater contamination.

Monitoring wells MW-14B, MW-23B, and MW- 29B form a line of monitoring wells to the
east of the landfill, with MW-14B located at the edge of the landfill, and the other two wells
approximately 600 and 1,500 feet further east, respectively. •

The monitoring results for MW-14-B are interesting. (Table 5-1.) While the average 1,2-
dichloroethane concentration during the RI was 50 ug/L, and were generally in the 10 to 20
ug/L range in the early 1990's, the l;2-dichloroethane concentration has been non-detectable
(with a detection limit of 1 ug/L) in this well in the four sampling rounds between May 1998
and November 1999. Similarly, while the average vinyl chloride concentration during the RI
was 4 ug/L, and the concentrations were generally in the 2 to 4 ug/L range in the early 1990's,
vinyl chloride concentration has been non-detected (with a detection limit of 1 or 2 ug/L) in
this well in these four recent sampling rounds. Cis-1,2-dichloroethene is also found in the 5 to
7.7 ug/L range (the MCL is 70 ug/L) as has been 1,1-dichloroethane in the 1.6 to 3 ug/L range
(no MCL, but the MTCA Method B cleanup'level is 800 ug/L.) No other monitored VOCs
have been detected hi the past two years. Concentrations of chloride (a leachate marker) and
manganese (from 4.8 mg/L average in the RI to approximately 1.5 mg/L in 1999) have shown
similar reductions. Since MW-14B is located where SA groundwater discharges into the
SGA, and the SA has been in compliance since 1994, this change is interpreted as the
beginning of a "clean front" moving into the SGA.

Concentrations in MW-23B (Table 5-2) have also been declining, but at a slower rate. For
example, average RI concentrations of 1,2, dichloroethane and vinyl chloride were 13 ug/L
and 5 ug/L respectively; concentrations of these chemicals have been around 7 ug/L and 2
ug/L, respectively, in the four sampling rounds since May 1998. Manganese concentrations
have always been low in this well, generally around 0.3 mg/L. Cis-1,2-dichloroethane is also
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detected in this well in the 4.5 to 6.4 ug/L range.

Concentrations are remaining constant in MW-29B-. For example, over the past three years,
1.2-dichloroethane has consistently been detected in the 5 to 10 ppb range (as compared to the
RJ average concentration of 5 ppb) with 1,1 -dichloroethane detected a single time at 1.2 ppb
and vinyl chloride detected a single time at 1.1 ppb: Manganese concentrations are low and
have ranged from 1.06 to 1.24 mg/L over the past four years.

The volatile COCs historically have rarely been detected in downgradient wells MW-20B (to
the west of the landfill) or MW-30C (to the far southeast of the landfill).

• * . •*-•

Background manganese concentrations are high in the SGA and the related Northern Gravel
Aquifer, with the regional background concentration considered to be 1.1 mg/L. MW-24B,
MW-23B, MW-29B, and MW-30C all have manganese concentrations at or below
background; and manganese concentrations in MW-14B have been decreasing rapidly over
the last few years as a "clean front" of less contaminated groundwater enters the SGA.
However, manganese concentrations in MW-20B are above background and increasing, with
concentrations in the 4.5 to 5.87 mg/L range over the past 3 years, as compared to an average
of 1.84 mg/L during the RJ. Since this well also has elevated levels of chloride, which is a
marker of landfill leachate, the cause is likely an indirect result of Midway Landfill leachate.
Manganese is a natural mineral that likely is dissolving into the groundwater because of the
chemistry of the landfill leachate.

In summary, two volatile COCs are detected above MCLs to the east of the landfill in
MW-23B and MW-29B, but have not been detected in recent rounds in MW-14B near the
landfill boundary. Manganese concentrations exceed background in MW-14B and MW-20B,
but are decreasing rapidly toward background in MW-14B.

5.5. Nature and Extent of Gas Migration

The Upper Gravel Aquifer beneath the landfill is under vacuum from the landfill gas
collection system. The vacuum extends to the Sand Aquifer is some locations. Sixty-three
gas probes throughout the neighborhood are regularly monitored for landfill gas. Figure 5-9
shows the extent of the vacuum system beneath the landfill. As of 1997, none of the off-
landfill property gas extraction wells were still hi use because of the significant decreases hi
off-property methane gas concentrations. All gas probes and gas monitoring locations
surrounding the landfill are under the state's landfill gas regulatory limits and all such
monitoring locations where the limit may be approached are under the influence of the gas
collection system. During the RJ, numerous hazardous substances were found in the
extracted landfill gas including vinyl chloride, xylenes, toluene, benzene and other solvents.
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5.6 Surface Water, Seeps and Soil Contamination

Surface water, seeps and soils in areas around the landfill were sampled in the late 19.80's as
part of the RI and no contamination from the Midway Landfill was found.

6. Current and Potential Future Land and Resource Uses
Land Use: Currently, the landfill is capped and fenced. No public access is allowed. Future
land use has been the subject of an extensive but preliminary 1992 study by community .
representatives, the City of Kent, and the City of Seattle. Some possible uses considered

. desirable by the Midway Citizens Advisory Committee include-open space uses such as a
passive park, a sports complex with ball fields, or garden center. Less desirable but

.potentially possible future uses would be a golf driving range or a park and ride facility. All
uses would be designed to protect the integrity of the cap and other containment systems.

Groundwater uses: To the best of Ecology's and the City's knowledge, no one is drinking the
groundwater from any aquifer within almost a mile of the landfill, and there are no current,
plans to use the groundwater near the landfill for drinking water. The closest wells currently
in use for drinking water are the Lake Fenwick wells almost 1 mile southeast of the Midway
Landfill. -

As part of the Midway Landfill Environmental Impact Survey (EIS) in 1985, the City's
contractor located private wells within a one-mile radius of the landfill, and public wells
within five miles of the landfill by reviewing numerous agency files. Based on this inventory,
the contractor sent questionnaires to approximately 90 households near the landfill in order to
verify the existence and use of private wells. The list of households was updated during the
RI, and several key downgradient wells were re-verified in 1999. Citizens were also
questioned at several public meetings and at meetings of the Midway"Action Group regarding
their knowledge of any wells in neighborhoods surrounding the landfill.

From this information, 31 private wells were identified within a one-mile radius of the
landfill. (See Figure 6-1.) Of the 31 wells, nine are hi use, 12 are unused, and 10 are
inoperable. Of the nine wells, five are used for drinking water, including the Lake Fenwick
supply, which services nine homes, and the other four wells are used for irrigation. The five
drinking-water wells are all located over 4,600 feet from the landfill, hi the Lake Fenwick
area. Three of the four irrigation wells are located over 2,000 feet southwest of the landfill
(out of the plume path). The fourth irrigation well is located between the groundwater plume
and the Lake Fenwick wells.

Monitoring Well MW-30 hi the Southern Gravel Aquifer was added.hi 1988 to act as an early
warning location should any measurable contamination from the landfill move toward the
irrigation well or toward the Lake Fenwick wells. MW-30 is still monitored, and has
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generally remained clean and unimpacted throughout the groundwater monitoring program.

Two other wells were identified within 1,000 feet of the landfill (Well Nos. 37 and 57). Well
No. 57 is dry and owned by the City of Kent. Well No. 37, on privately owned property, is
unused and covered. . .. .

There are three public wells in the Midway Landfill area. Two are operated by the Highline'
Water District near the two intersections of South 209th Street and 31st Avenue South, and
South 208th Street and 12th Avenue South, respectively. These two wells are screened in the
second confined aquifer, at over 120 feet below sea level. Both are over two miles north and
northwest from the landfill in an area that is up .gradient of the landfill, and are completed in
aquifers that are not connected to the affected aquifers. The third well is operated by the Kent
Water District at South 212th Street and Valley Freeway and is used to satisfy peak summer
demands. None of these municipal wells draw water from affected aquifers, and all are more
distant from the landfill than are the Lake Fenwick wells.

Finally, neither water district has future plans to develop groundwater supplies from any
aquifers within a one-mile radius .of the Midway Landfill. The wellhead protection areas
delineated by these utilities do not include .the Midway Landfill site.

State regulations (WAC 173-160 -171) do not allow any new private drinking water wells
within 1000 feet of a solid waste landfill or 100 feet of all other sources or potential sources of
contamination, and notice is required to be given to Ecology prior to the construction of any
well. However, the NCP is more stringent and requires EPA to consider all groundwater as
drinking water except directly under a waste management area. The landfill area with refuse
is a waste management area and thus is not considered a future drinking water source by EPA.
All other areas downgradient of the landfill are considered to be potential future drinking

water sources. However, it is likely that all future developments lie within water district
service areas and, therefore, are not likely to rely on private wells for their potable water
supply.

7. Summary of Site Risks

7.1 Human Health Risks - Prior to the Work Required by the 1990 Consent Decree.

Before the cleanup work began at the Midway Landfill site in 1985, there were many ways in
which humans could have potentially been exposed to unacceptable levels of contaminants.
These exposures could have posed acute hazards to residents due to the high levels of methane
gas reaching residential basements, and long-term potential risks from solvents in the
groundwater if anyone had been drinking the groundwater. The risks from these possible
exposures were greater than EPA's and the State of Washington's acceptable risk levels. For
example, if a person had been using the groundwater in MW-14B, one of the most
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contaminated down gradient.wells, as their source of domestic water for 30 years, the
estimated excess cancer risk from vinyl chloride and 1,2-dichloroethane alone would have
been approximately 6 x 10-4. Other possible exposures could have occurred through air
emissions or through direct contact with the landfill contents.

The City's contractors prepared an Endangerment Assessment (EA) as part of the 1990 RI/FS
for Midway Landfill. Because the RI found little contamination in the surface water, seeps or
soil, the EA concluded that the contaminants detected in these environmental media had not
migrated from the landfill. The EA also found that there was no direct exposure pathway
connecting leachate to either human or ecological receptors. The only potential exposure
pathways existed through cross-media pathways: volatilization of contaminants from leachate
into landfill gas or discharge of leachate into the groundwater system. The contaminants in
landfill gas were found to pose a negligible risk leaving leachate to groundwater as the only
migration pathway of concern.

7.2 Current and Future Human Health Risks

A baseline risk assessment that follows current EPA Superfund guidance on risk assessment
and that reflects current conditions at the landfill has not been performed on Midway Landfill
because the contaminants of concern, migration routes, and the risks to human health and the
environment were characterized in the 1990 EA. Based on the success of the containment
actions required by the 1990 consent decree, there are likely to be no current unacceptable
risks to human health from the landfill because the gas migration has been stopped and no one
is currently drinking the groundwater. VOC contamination in the groundwater downgradient
of the landfill also appears to be decreasing, at least in the well closest to the landfill. The
only remaining contaminants of concern appear to be vinyl chloride, 1,2-dichloroethane, and
manganese.

Even though no baseline risk assessment has been done, the potential future risk was
estimated. Vinyl chloride is a known human carcinogen and 1,2-dichloroethane is a probable
human carcinogen. Manganese is an essential nutrient but is toxic hi high quantities. The
estimated risk was calculated considering only the maximum 1999 concentrations in Well
MW-23B, currently the monitoring well with the highest concentrations of VOCs
downgradient of the landfall. This estimate was calculated assuming domestic use of the
groundwater for drinking and showering, EPA's reasonable maximum exposure assumptions
for 30 years, IRIS or Region 9 PRO table toxicity values, and a conservative assumption that
the contaminant concentrations will not change in the future. The excess cancer risk is
estimated to be approximately 1x10-4 (with vinyl chloride being the primary risk driver) and
the HI is estimated to be approximately .3 (with manganese being the primary risk driver),
both of which are within EPA's acceptable risk range. This cancer risk level is, however, not
within the acceptable risk level under Washington's Model Toxics Control Act, which
requires that cumulative excess cancer risk be no greater than 1 x 10-5.
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The estimated risk was also calculated for MW-20B, again considering only the maximum
1999 concentrations and using the same assumptions. Well MW-20B is currently the
monitoring well with the highest concentration of manganese downgradient of the landfill.
The Hazard Quotient for manganese in this well is approximately 6.

These estimated risks are potential future risks only, because there are no drinking water
wells within the down gradient plume of the landfill, nor are there any plans to place any
drinking wells in this area in the future. (See Section 6.)

7.3 Ecological Risks

No ecological risks to plants or animals are expected now or in the future because there will
be no exposure to the contaminants at or from the site. The site is covered and capped with
clean material, and the groundwater from the site does not impact any surface water bodies or
seeps. Surface water discharging from the site is monitored for conventional pollutants such
as pH, dissolved oxygen'and turbidity. No hazardous substances are expected to be in the
surface water discharge from the landfill because the remedial actions under the 1990 consent
decree have-eliminated surface water contact with the refuse..

7.4. Basis for Action
~>

While the estimated future risk from drinking groundwater downgradient from Midway
Landfill is within the NCP acceptable risk range, there is groundwater contamination above
federal drinking water standards, or MCLs, in two monitoring wells east of the landfill and I-
5. According to EPA policy, when MCLs are exceeded, action is generally warranted. In
addition, state groundwater cleanup levels under MTCA are exceeded. Because drinking this
groundwater could result in an imminent and substantial endangerment to human health,
remedial action is needed at Midway Landfill.

8. Remedial Action Objectives

Midway Landfill is an example of a site where containment has been successful and has
reduced the risks posed by the site. However, the containment measures already hi place must
be'maintained and institutional controls are necessary to ensure continued long-term
protection of human health and the environment.

The remedial action objectives of this response action are:

To ensure containment is effective and working
To ensure containment will be maintained
To return groundwater to drinking water standards and state cleanup standards
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downgradient of the landfill boundary
To ensure no residential exposure to groundwater until groundwater cleanup
standards have been met

Cleanup Standards

For groundwater that is a potential future source of drinking water, the more stringent of
federal drinking water standards (also known-as Maximum Contaminant Levels or MCLs) and
State of Washington cleanup standards under the Model Toxics Control Act (MTCA) are the
cleanup levels. For the groundwater contaminants at this site, the cleanup levels and their
basis are shown in Table 1. • *

Table 8-1. Groundwater Cleanup Standards

Contaminant

• 1 ,2-dichloroethane

vinyl chloride

manganese

Cleanup Level

5 ug/L

.02 ug/L*

2.2-mg/L .

Basis of the Cleanup Level

Federal Drinking Water Standard
(MCL)

MTCA Method B.

MTCA Method B

* Pursuant to WAC 173-340-707(2), Ecology will utilize the practical quantitation limit
(PQL) of 0.2 ug/L to determine compliance with this cleanup standard because the cleanup
standard is lower than the PQL.

1,2-Dichloroethane and vinyl chloride are solvents. Vinyl chloride can also be formed hi
groundwater during the natural breakdown of other solvents. Manganese is a natural mineral
in soil that dissolves into the groundwater because of the chemistry of the water leaving the
landfill.

If other contaminants resulting from releases from the landfill are found in any downgradient
monitoring well, cleanup levels, if necessary, will be established for these additional
contaminants using the federal drinking water standards and MTCA.

The point of compliance for the groundwater will be at the edge of the landfill waste as
specified hi a Compliance Monitoring Plan to be approved by Ecology. Under MTCA, this
location is considered a "conditional point of compliance." All groundwater do'wngradient of
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this point of compliance will need to meet these cleanup levels for contaminants resulting
from releases from the landfill before the Midway Landfill is removed from the Superfund
National Priorities List. •. '

9. Summary of Remedial Alternatives

Two remedial alternatives were considered for the Midway Landfill site.

No Action Alternative:
»•-

Under the No Action alternative, EPA would not require any additional action at the Midway
Landfill site. The City of Seattle would still have to fulfill its responsibilities under its 1990
consent decree with Ecology, as well as any other requirements established under state or
local regulations for closed landfills. Monitoring could be required under this alternative.
EPA would not set cleanup levels nor points of compliance under this alternative.
Limited Action Alternative:

This alternative does not require any significant additional remedial construction because the
actions taken by the City of Seattle since 1985 have eliminated or greatly reduced the
contaminants leaving the landfill. Instead, this alternative focuses on maintaining and
monitoring the constructed containment remedy to ensure it is and will continue to be
effective and protective. This alternative would also set groundwater cleanup levels and
points of compliance. This approach is consistent with EPA's presumptive remedy for
municipal landfills.

The main elements of the limited action alternative are:
. 1. Monitoring to :

a) ensure the remedial systems are working as designed,
b) ensure progress is being made towards meeting the groundwater cleanup standards,
c) ensure adequate containment is maintained when and if major changes are approved

by Ecology in the operation of the site, such as turning off or scaling down the gas collection
system, and

d) demonstrate that the cleanup levels have been achieved.

2. ' Continuing to operate and maintain all remedial elements required in the 1990
Ecology/City of Seattle .consent decree.

3. Implementing institutional controls. Institutional controls are legal or administrative
actions that help ensure the long-term protectiveness of the remedy. At this site, the limited
action alternative includes three types of institutional controls. The first type of institutional
control would be a legal notice the City would place in King County's records, alerting any
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future purchaser of the property, in perpetuity, that this property had been used as a landfill
and was on EPA's National Priorities List, and that future use of the property is restricted.
The second type of institutional control is a requirement that the City ensures continued
operation and maintenance of the containment and monitoring systems if ownership of the
property should change. Both of these institutional controls are required as part of the 1990
consent decree between Ecology and the City of Seattle, though the legal notice has not yet
been placed in the County's records. The third type of institutional control is an annual
written notice about the groundwater quality down gradient from the landfill. The City'of
Seattle would be required to notify the Seattle-King County Department of Public Health,
nearby water districts, locally active licensed well drillers and Ecology. As an additional
protection, state regulations forbid any private drinking water wells within 1,000 feet of a
municipal landfill or within 100 feet from all other sources of potential contamination.

The remedy would also be reviewed no less often than every five years to ensure that the
remedial action remains protective of human health and the environment.

10. Comparative Evaluation of Alternatives
EPA evaluated the two alternatives using the nine criteria established in EPA's National Oil
and Hazardous Substances Pollution Contingency Plan. The nine criteria are divided into
three categories: threshold, balancing, and modifying criteria. To be eligible for selection, an
alternative must meet the first two threshold criteria. The next five criteria are the balancing
criteria which weigh trade-offs among the alternatives. The last two modifying criteria are
considered after the public comment period during the final selection of the remedy.

Overall Protection of Human Health and the Environment
Both alternatives are protective, because the City of Seattle would continue to operate and
maintain the cap, and the gas and storm water systems under both alternatives.

Compliance with Applicable or Relevant and Appropriate Requirements
Federal and state drinking water standards and MTCA groundwater cleanup standards are the
primary applicable or relevant and appropriate requirements under the Limited Action
Alternative. .The cleanup standards Listed above would need to be met in the downgradient
monitoring wells before the remedial action at the Midway Landfill could be considered
complete. No cleanup standards would be set by EPA under the No Action Alternative,
though Ecology could decide to set cleanup standards separately under MTCA at a later time.

Long-term Effectiveness and Permanence
The Limited Action Alternative has greater long-term effectiveness and permanence than the
No Action Alternative because it would require annual notice to' water districts and well
permit regulators, which would provide slightly greater assurance that no one would drink the
groundwater leaving the landfill. It would also clarify the need to adjust monitoring
requirements as site conditions change.
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Reduction of Toxicity, Mobility and Volume of Contaminants through Treatment
Neither alternative.includes any additional treatment. Extracted landfill gas is flared as part of
the existing landfill gas collection system. . .

Short-term Effectiveness
Both alternatives have the same short-term effectiveness. Neither alternative includes
construction nor will either alternative affect the time needed for all groundwater leaving the
site to meet cleanup standards.

Implementability
Both alternatives are equally implementable.

Cost
The costs for the two alternatives are expected to be very similar. The monitoring costs for
the Limited Action Alternative may be slightly higher than the monitoring costs for the No
Action Alternative.

State Acceptance
Ecology was consulted on the proposed plan and reviewed this ROD. Ecology concurs with
the selected limited action remedy.

Community Acceptance

Four comment letters have been received. Two letters, from the Seattle-King County
Department of Public Health and from a local resident, supported the Limited Action
Alternative. The second letter, from the City of Des Moines, does not express any opinion
about the alternatives, but is concerned about turbidity that may be leaving the landfill cap and
discharging into North McSorley Creek. The City of Des Moines asked the City of Kent and
the City of Seattle to prepare a storm water pollution plan for turbidity from this outfall, and
asked for specific monitoring. The City of Seattle supported the Limited Action Alternative,
but requested certain changes and clarifications. A longer summary of these comments and
EPA's responses can be found in the attached Responsiveness Summary.

EPA staff also received informal comments through phone calls. In these calls, five members
of the public supported the limited action alternative.
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11. The Selected Remedy

11.1 Summary of the Rationale for the Selected Remedy

EPA's selected remedy is the Limited Action Alternative. Of the alternatives considered, this
alternative will provide the best long-term protectiveness at the Midway Landfill site. It sets
groundwater cleanup standards and it ensures long-term operation, maintenance, and
monitoring of the containment systems at the Midway Landfill site. It would also clarify the
need for, and types of, institutional controls that are necessary to ensure long-term
protectiveness of the remedy.

Additionally, this alternative will best ensure long-term protectiveness of the containment
remedy currently in place. While EPA believes no new remedial construction (as EPA
guidance defines the term) is needed, it is important that the City of Seattle continue to
operate and maintain the gas collection system, the cap that was constructed over the landfill,
and the storm water collection system. The City also needs to continue to monitor the
effectiveness of these actions, and to regularly sample the groundwater until groundwater
cleanup standards have been met. The City needs to establish permanent, legally binding,
controls on the landfill property to ensure that the cap and containment systems are not
damaged as long as the cap and gas and storm water systems are required. The less formal
institutional control requirements, hi the form of notices to agencies, water districts, and
active well drillers, for the off-property groundwater contamination are appropriate for this
site considering that the area is fully served by community water systems, no private wells are
known to be in use, and the relatively low levels of remaining contamination in the
downgradient monitoring wells. Also, groundwater cleanup levels for the groundwater
downgradient of the landfill need to be established.

In order for Ecology to utilize this ROD as a Cleanup Action Plan, the cleanup action
established through the ROD must meet the MTCA remedy selection requirements of WAC
173-340-360(2) (threshold requirements) and (3) (requirement to utilize permanent solutions •
to the maximum extent practicable; requirement to provide for a reasonable restoration time
frame; requirement to consider concerns raised during public comment.) WAC 173-340-
360(13). The threshold requirements for remedy selection are that the remedy shall protect
human health and the environment, comply with cleanup standards, comply with applicable
state and federal laws, and provide for compliance monitoring. Ecology has determined that
the selected remedy, as described in the ROD, satisfies those threshold requirements.

' With respect to MTCA's preference for permanent solutions, Ecology has determined that the
following remedies for individual components, taken together, are permanent to the maximum
extent practicable in that they prevent or minimize the migration of hazardous substances into
the environment and provide for a net reduction in the amount of hazardous substances
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released from the source area. First, with respect to the Midway Landfill refuse itself,
Ecology has determined that the isolation and containment remedy of the 1990 consent decree
and this ROD is the preferred available cleanup technology. See WAC 173-340-360(9)(c)
(describing Ecology's expectations of sites with large volumes of materials with relatively
low levels" of hazardous substances where treatment is impracticable.) With respect to landfill
gas generated by the refuse, Ecology has determined that the treatment of such gas, as
specified under the 1990 consent decree and this ROD, constitutes "destruction or
detoxification" which is the highest preference cleanup technology under MTCA. With
respect to groundwater contaminated by landfill leachate, Ecology has determined that the
incremental benefit to be realized from implementing additional remedial engineering
measures (e:g. treatment) is substantially and disproportionately outweighed by the cost of
such measures. This determination is based upon the facts that: 1) the actions taken by the
City of Seattle since 1985 have eliminated or greatly reduced the contaminants leaving the
landfill; 2) the levels of contamination that remain in the groundwater are low and trending
towards compliance with cleanup standards; and 3) the groundwater does not have any current
human or environmental receptors. Therefore, Ecology has determined that institutional
controls and monitoring, as required under this ROD, constitute an appropriate remedy for
groundwater until cleanup levels are achieved.

With respect to a reasonable restoration time frame, EPA and Ecology agree that the remedial
actions implemented have created conditions under which groundwater will achieve
compliance with the cleanup standards over time. Based on the results of the groundwater
monitoring to date, it is apparent that groundwater down gradient of the landfill is very near
compliance with the cleanup standards. Ecology concludes that based on present trends, it is
likely that groundwater down gradient of the landfill will reach compliance with cleanup
standards in approximately five years. Based upon the facts that institutional controls aimed
at preventing the use of contaminated groundwater as a drinking water source are a
component of this ROD, that the contaminant levels are already low; and that a documented
trend towards compliance exists. Ecology has concluded that this constitutes a reasonable
restoration time frame.

Finally, Ecology has determined that the ROD has considered concerns raised during public
comment. (See ROD Section 13 and EPA Responsiveness Summary.)

11.2. Detailed Description of the Selected Remedy

The selected remedy consists of:
1. Monitoring to :

a) ensure the remedial systems are working as designed,
b) ensure progress is being made towards meeting the groundwater cleanup standards,
c) ensure adequate containment is maintained when and if major changes are approved

by Ecology in the operation of the site, such as turning off or scaling down the gas collection
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system, and
d) demonstrate that the cleanup levels have been achieved.

The monitoring will be done by the City of Seattle, while Ecology will continue to be the lead
cleanup regulatory agency at the site. The details of the monitoring requirements have been
set out by the City of Seattle in an Ecology-approved compliance monitoring plan.

Monitoring, including installation of new monitoring wells, are among the activities EPA
expects at sites even after EPA determines that construction has been "completed" at a site.
Through the procedures outlined in the agreements between Ecology and the City of Seattle,
Ecology may require the City of Seattle to install and monitor new monitoring wells if
needed.

If necessary, the monitoring program may also address the issue of the source of turbidity in
North McSorley Creek raised by the City of Des Moines hi their comment letter on the
proposed plan. The City of Des Moines requested that the City of Seattle continue to monitor
the S. 250th Street outfall for turbidity during storm events (on a periodic basis) and provide
the results to the City of Des Moines Engineering Department.

2. Continuing to operate and maintain all remedial elements required in the 1990 consent
decree. Ecology will continue to oversee the City's operation and maintenance activities.
Operational changes can be approved by Ecology when such changes ensure that the site and
remedy will remain protective. The Seattle King County Public Health Department should
be given the opportunity to review requested operational changes.

3. Implementing institutional controls. Institutional controls are legal or administrative
actions that help ensure the long-term protectiveness of the remedy. At this site, the selected
remedy consists of three types of institutional controls. Variations of the first two types of
institutional controls are already required in the 1990 consent decree.

First, the City of Seattle will place a notice in the records of real property kept by the
King County auditor, alerting any future purchaser of the landfill property, in perpetuity,.that
this property^had'been used as a landfill and was on EPA's National Priorities List, and that
future use of the property is restricted. The use restriction shall comply with the post-closure
use restrictions under the State of Washington's Criteria for Municipal Solid Waste Landfills
(WAC 173-351-500(1)(I) and (2)(c)(iii). The City has not yet placed any legal notice in the
County's records even though a form of this notice was required by the 1990 consent decree.
EPA understands that this is a subject that will be addressed through an amendment to the
1990 consent decree. EPA expects the City to place this notice on the deed within six months
of the date of effective date of the consent decree amendment, unless the City has negotiated
an.alternative enforceable schedule with Ecology.

Second, the City needs to ensure continued operation and maintenance of the
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containment and monitoring systems if any portion of the property is sold, leased, transferred
or otherwise conveyed.. This requirement is an element of the 1990 consent decree.

Third, notices are needed so that no water supply wells are constructed and used in .
areas with groundwater contamination emanating from the landfill. These notices shall
include at a minimum the following:

The City will annually notify the Seattle-King County Department of
Public Health, Ecology, the local water districts (currently, the Kent and Highline Water
Districts) and locally active well drillers in writing of groundwater conditions in the affected
areas downgradient of the landfill. This notice will include a map showing the location of the
affected areas and indicate which aquifers are, affected and their elevations. This information
shall be updated annually and can be part of an annual groundwater monitoring report.
Locally active well drillers are all well drillers that have drilled wells within King County in
the year prior to the notice. Ecology will provide the list of locally active well drillers to the
City. This requirement for .annual notices can be removed or modified by Ecology after
groundwater cleanup standards have been met in the groundwater monitoring wells
downgradient from the landfill.

The City of Seattle will also annually notify owner of Well #37 (See
figure 6-1) in writing of groundwater conditions hi the area of the well. Alternatively, the
City of Seattle can provide to Ecology adequate assurances that this well has been properly
abandoned.

As an additional protection, state regulations forbid any private drinking water.wells within
1,000 feet of a municipal landfill or 100 feet from all other sources or potential sources of
contamination (WAC 173-160-171). State regulations (WAC 173-160-151) also requires a
property owner, agent of that owner, or a water well operator to notify Ecology of their intent
to begin well construction prior to beginning work. This notification can provide notice to
Ecology ifanyone.plans to build a new water well too near Midway Landfill.

Ecology will continue to be the lead regulatory agency overseeing the performance of the
selected remedial action by the City of Seattle. However, if necessary, EPA could use its
statutory authority to ensure that actions selected by this ROD are implemented.

The groundwater cleanup standards for the current contaminants of concern can be found in
Table 8-1. If other contaminants resulting from releases from the landfill are found in any
down gradient monitoring well, cleanup levels, if necessary, will be established for these
additional contaminants using the federal drinking water standards and MTCA.

The point of compliance for the groundwater will be at the edge of the landfill waste as
specified in a Compliance Monitoring Plan to be approved by Ecology. Under MTCA, this
location is considered a "conditional point of compliance." All groundwater downgradient of
this point of compliance will need to meet these cleanup levels for contaminants resulting
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from releases from the landfill before the Midway Landfill is removed from the Superfimd
National Priorities List.

One of the City of Seattle's concerns is that contaminated groundwater is coming into the
landfill from up gradient sources, and that this in-coming contaminated groundwater will
never allow the groundwater leaving the landfill to meet the groundwater cleanup standards.
Because of the major improvements hi downgradient water quality in the last ten years, EPA
believes it is possible that the groundwater leaving the landfill will eventually meet the
groundwater cleanup standards. However, if in the future the City wants to demonstrate that it
is technically impracticable for them to meet the cleanup standards at every downgradient
well because of the up gradient sources, EPA and Ecology will work together with the City to
determine what information is needed to support such a demonstration.

Because the selected remedy will result in hazardous substances remaining on-site above
levels that allow for unlimited use and unrestricted exposure, a statutory review will be
conducted under CERCLA within five years of this Record of Decision to ensure that the
remedy continues to be protective of human health and the environment. Because Ecology is
expected to continue to be the lead regulatory agency for this cleanup, EPA would expect
Ecology to perform the five year review at this site.

The City of Seattle estimates that the closure costs of Midway Landfill amounted to about
$56.5 million as of 1995. This does not include the ancillary costs associated with the landfill
such as the "Good Neighbor Policy" (See Section 3.) In recent years, the budgeted and actual
operation and maintenance costs have ranged from $432,000 to $535,600 annually. This
amount includes monitoring costs.

11.3 Expected Outcomes of the Selected Remedy

This section presents the expected outcomes of the selected remedy in terms of resulting land
and groundwater uses.

All future land use at the landfill must be designed and implemented in a manner that will
maintain the integrity of the remedy required under the 1990 consent decree. A number of
future land uses have been suggested by Midway Citizens Advisory Committee, working with
the Cities of Kent and Seattle in 1992. While this selected remedy clarifies the legal notices
that need to be in place to ensure the long-term effectiveness of the containment systems, the
selected remedy does not place any additional limits on future land use at the Midway
Landfill site and does not change the feasibility of the possible future uses suggested by the
Advisory Committee.

Groundwater use directly under the landfill will always be restricted. Once the groundwater
downgradient from the landfill meets the cleanup standards established in this ROD, nothing
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in this selected remedy would forbid use of this groundwater for drinking water. The cleanup
levels selected in this ROD are either equal to or more stringent than the federal MCLs.
However, state and local regulations place other limits on the use of the groundwater. For
example, state regulations forbid any new private drinking water wells within 1000 feet of a
municipal landfill.

12. Statutory Determinations

12.1 Protection of Human Health and the Environment

The selected remedy will protect human health and the environment by a combination of*
engineering arid institutional controls. The engineering controls that have been constructed at
Midway Landfill by the City of Seattle have been effective in containing gas migration and
leachate release from the landfill. This effectiveness is demonstrated by the City's gas '
monitoring results and by the decreasing water levels in and below the landfill and the
decreasing concentration of hazardous substances hi the groundwater downgradient from the

1 landfill. .The selected remedy will ensure long-term protectiveness by requiring that the
containment systems remain effective, that monitoring will continue and be adjusted as
necessary,- and by clarifying and improving the institutional controls associated with the site
and the remedy to ensure that no one will be exposed to the contents of the landfill nor to
contaminated groundwater^ Implementation of the selected remedy will not pose
unacceptable short-term risks or cross-media impacts.

12.2 Compliance with Applicable, or Relevant and Appropriate Requirements

The selected remedy for Midway Landfill will comply with all federal and state ARARs. The
chemical-, action-, and location-specific ARARs are as follows:

The Washington Model.Toxics Control Act (MTCA) Cleanup Regulations (Chapter 173-340
WAC) are applicable. In particular, MTCA is applicable to the determination of the order of
preference of cleanup technologies (WAC 173-340-360(4)), to require the provision of a
reasonable restoration time frame (WAC 173-340-360(6)), the establishment of groundwater
cleanup levels (WAC 173-340-720(3)), selection of the point of compliance (WAC 173-340-
720(6)), the determination of attainment of the groundwater cleanup level when the practical
quantitation limit is greater than the cleanup level (WAC 173-340-707), and the format of the
institutional controls (WAC 173-340-440.)
Certain landfill closure and post-closure requirements in the Washington Criteria for
Municipal Solid Waste Landfills.(Chapter 173-351 WAC) and in the Washington Minimum
Functional Standards for Solid Waste Handling (Chapter 173-304 WAC) are relevant and
appropriate. Specifically, the notation on the deed requirement in WAC 173-351-500 (1)(I)
and the minimum functional standard for explosive landfill gas hi WAC 173-304-460(2)(b)
are relevant and appropriate.- .
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The primary'federal drinking water standards (40 CFR 141), known as the MCLs, established
under the Safe Drinking Water Act, are relevant and appropriate to the establishment of the
groundwater cleanup standards downgradient of the landfill.

12.3 Cost-Effectiveness

The costs of the selected remedy are proportional to its overall effectiveness. The costs of this
remedy are similar to the costs of the no action alternative, but provide better long term
protectiveness.

•3 • • ' *5

12.4 Utilize Permanent Solutions and Alternative Treatment Technologies to the
Maximum Extent Practicable

The selected remedy utilizes permanent solutions to the maximum extent practical. EPA's
presumptive remedy for municipal landfills is containment. Ten years of monitoring data
show that the containment remedy has been successful in reducing the risks and exposures
from the site. The selected remedy helps ensure that the containment remedy will continue to
be protective.

12.5. Preference for Treatment as a Principal Element

The selected remedy at Midway Landfill satisfies the statutory preference for treatment as a
principal element of the remedy. Extracted landfill gas is flared as part of the existing landfill
gas collection system. During the RI, numerous hazardous substances were found in the
extracted landfill gas including vinyl chloride, xylenes, toluene, benzene and other solvents.

12.6 Five year reviews

Because this remedy will result in hazardous substances remaining above levels that allow for
unlimited use and unrestricted exposure, a statutory review will be conducted within five
years of this Record of Decision to ensure that the remedy continues to be protective of
human health and the environment.

13. Documentation of Significant Changes from the Preferred Alternative in the
Proposed Plan

There.are no significant changes between the preferred alternative described in the proposed
plan and the remedy selected in this ROD

The following minor changes have been made from the preferred alternative in the proposed
plan:
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- An additional RAO has been added to clarify that returning groundwater downgradient of
the landfill to drinking water and state cleanup standards is a goal of this remedial action.
- The ROD clarifies that details of the landfill monitoring program have been established by
Ecology and the City of Seattle hi a compliance monitoring plan. The proposed plan implied
that Ecology would establish the details unilaterally.
- The selected remedy includes a minor changes to the institutional control requirements for
notification of well drillers. The notice will be provided to well drillers that have been
recently active in King County. Ecology will provide the list of locally active well drillers to
the City of Seattle.
- The ROD does not contain the statement that Ecology determines when the site meets
cleanup levels. The City can contact both Ecology and EPA when the City believes the site
has met all of the requirements of this ROD and thus could be considered for deletion from
theNPL.
- The remedy selected in this ROD has an added requirement that the City annually notify the
owner of one off-property well, unless the City provides Ecology adequate assurances that
this well has been properly abandoned.

These changes are a logical outgrowth of the information presented hi the proposed plan and
in the administrative record.
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Table 5-1

Southern Gravel Aquifer, Downgradient Well
Monitoring Well 14B

Report
Number

RI Average

1

2

o

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Sampling Date

February 1990

May 1990

August 1991

January 1991

April 1991

July 1991

October 1991

March 1992

June 1992

September 1992

December 1992

April 1993

June 1993

September 1993

December 1993

March 1994

May 1994

September 1994

December 1994

March 1995

Chloride
(mg/L)

219

280 J vr

175

180

180

190

170

212

22

146

201

153

162

159

168

127

165.

154

140

160.

190

Manganese
(mg/L)

4.8

3.9

3.6

5

4

3.6

4

2.8

3.5

3.9

3.7

3.86

3.49

3.38

3.45

3.49

344

3.19

3.88

3.06

3.3

l,2Di-
chloroethane
(ug/L)

50

27

1U

25

31

20

20

29

19

19

16

13

'2.3

12

10

8.8

6

6J

Vinyl
Chloride
(ug/L)

4

1U

1U

1U

3 .

2

4

3

1U

4

1 U

2.6

1U

3.L

3.3

3.4

1

1U



21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

May 1995

September 1995

December 1995

March 1996

May 1996

September 1996

December 1996

March 1997

May 1997

September 1997

December 1997

March 1998

May 1998

November 1998

April 1999

October 1999

140"

180

170

150

180

170

130

140

120

97

85

71

51

29

27

37

3.26

3.22

3.14

3.19

3.07

2.96

2.8

2.58

2.73

2.57

2.23

1.86

1.91

1.59

1.48

1.49

20

9.2

6.6

2.7

11

1.3

1U

1U

1U

1U

2.2

2.7

2.5

2.3

2U

2.2

2U -

2U

1U

1U

U = Indicates compound was not detected above the specified reporting limit.
J = Indicates that concentration's an estimate because all QC criteria were not met.



Table 5-2

Southern Gravel Aquifer, Downgradient Well
Monitoring Well 23 B

Report
Number

RI Average .-

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

Sampling Date

February 1990

May 1990

August 1991

January 1991

April 1991

July 1991

October 1991

March 1992

June 1992

September 1992

December 1992

April 1993

June 1993

September 1993

December 1993

March 1994

May 1994

September 1994

December 1994

Chloride
(mg/L)

68

140 J

50

61

60

58

50

61

54

51

57.1

43.4

45.9

47.1

46.8

44.5

46.4

44.2

43

42

Manganese
(mg/L)

0.28

0.37

0:32

0.48

0.41

0.34

0.38

0.35

0.39

0.39

0.37

0.403

0.376

0.372

0.372

0.361

0.388

0.379

0.434

0.35

.l,2Di- .
chloroethane
(ug/L)

13

11

14

10

12

10

13

11

9

12

10

9.4

11

8.9

9.1

9.3

7

8.7

Vinyl
Chloride
(ug/L)

5 .-

1U

1U

1U

. 5

4

8 •

7

6

7

1U

.5.3

5.4

5.6

3.9

4.. 9

5

1U



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

March 1995

May 1995

September 1995

December 1995

March 1996

May 1996

September 1996

December 1996

March 1997

May 1997

September 1997

December 1997

March 1998

May 1998

November 1998

Aprill 999

October 1999

41

-39

39

40

40

39

40

38

38

38

36

35

36

36

36

25

28

0.343

0.323 .

0.309

0.311

0.32

0.302

0.317

0.304

0.287

0.284

0.312

0.278

0.281

0.295

0.275

0.259

0.258

8.1

7.1 '

8.5 -

>

6.8

7.7

9.7

7

6.6

7.1

7.5

3.2

3.5

3

2.7'

2.4

4

2.4

2

1.2 .

2

U = Indicates compound was not detected above the specified reporting limit.
J = Indicates that concentration is an estimate because all QC criteria were not met.



Water Quality in the Sand Aquifer

Up Gradient Monitoring Wells

MW17-B
1,1-dichloroethane
1,1-dichloroethene
1,2-dichloroethane

MW21-A
1,1-dichloroethane
1,1-dichloroethene
tetrachloroethene
trichloroethene .

Recent concentrations
90 to 160ug/L
4.8 to 8.2 ug/L
8 to 12ug/L> '

11 to 14 ug/L
1.6 to 2.6 ug/L
24 to 3 5 ug/L
24 to 3.1 ug/L

MCL
800 ug/L"

7 ug/L
5 ug/L

800 ug/L*
7 ug/L
5 ug/L
5 ug/L

* 1,1-dichloroethane has no MCL. 800 ug/L is the MTCA Method B cleanup level in the 2/96
CLARC II table.



APPENDIX A
RESPONSIVENESS SUMMARY

MID WAY LANDFILL

The responsiveness summary addresses public comments on the proposed plan for the
remedial action under CERCLA for Midway Landfill NPL site in Kent, Washington. EPA's
proposed plan was issued hi May 2000 and the original public comment period ran from May
18 to June 16, 2000. The City of Seattle asked for an extension of the comment period on
June, 1.5, and the end of the public comment period was extended 30 days untiLJuly 17, 2000. .

EPA's notices and fact sheets offered to hold a public meeting if sufficient interest was
expressed by May 31, 2000. Only four requests were received and thus a public meeting was
not held.

Written comments

• Four written comment letters were received.

Comment: I received your fact sheet about the Midway Landfill in Kent Washington and I'm
writing this letter to recommend that EPA implement their Limited Action Plan. Monitoring
wells 23B and 29B are in a neighborhood and a church parking lot and should be monitored
until signs of contamination no longer exist.

:Response: Thank you for your comment and your support of EPA's preferred alternative.

Comment: The City of Des Moines has just completed a 5 year stream water quality
monitoring program, which included the monitoring of McSorley Creek, the receiving stream
of the runoff from Midway Landfill. The monitoring of the drainage outfall showed elevated
levels of turbidity above water quality standards for a Class AA stream. McSorley Creek is a
salmon-bearing stream containing coho and chum salmon, steelhead and cutthroat trout.

Although not conclusive, mainly because the treatment ponds on the Landfill also receive
runoff from nearby Pacific Highway South, the turbidity may be the result of runoff from the
Landfill clay cap. In order to fully remedy the situation, the City of Des Moines believes that
the City of Seattle and the City of Kent, the owner of the Pacific Highway right-of-way in this
area, need to jointly prepare a storm water pollution control plan for controlling the turbidity
coming from this outfall. The City would like to have the opportunity to review such a plan.

The City of Des Moines also requests that, as part of EPA's monitoring proposal, Seattle
continue to monitor the outfall for turbidity during storm events (on a periodic basis) and

1



provide the results of the tests to the City of Des Moines Engineering Department.

Response: EPA forwarded a copy of the City of Des Moines's letter to the City of Seattle
and to Ecology. In response, the City of Seattle has begun discussions with both the City of
Des Moines and the City of Kent to address the turbidity issue. The City of'Seattle has sent
the City of Des Moines all of the 1999 storm water detention pond monitoring data. This
data, as well as the earlier years of data, appear to indicate that the main source of turbidity is
the pond inflow from Pacific Highway South. Also, the City of Kent has now started to
identify the City of Kent's options regarding requiring the private property owners to improve
the quality of water discharged from their site.

.* '.

EPA's description of the selected remedy (Section 11.2) acknowledges your request for
additional monitoring. Details of the monitoring program will be established by Ecology .and
the City under their existing agreements, or, if necessary, unilaterally by Ecology using state
regulatory authority. •

Comment: Public Health-Seattle & King County supports EPA's limited action alternative.
Outstanding groundwater issues in proximity to the landfill need to be addressed in order to
protect both the environment and the public health of the impacted community.

Response: Thank you for your comment and your support of EPA's preferred alternative.

Comment: The City of Seattle supports the "limited action remedy" alternative proposed in
the plan for the ROD.

Response: Thank you for your support of the limited action alternative.

Comment: The City has reached a tentative agreement with the Washington Department of
Ecology ("Ecology") concerning this issue: Ecology will adopt the EPA ROD in its entirety,
and the existing Consent Decree ("CD") between Ecology and the City will be formally
amended to reflect EPA's limited action remedy. Thus, Ecology will not issue a Cleanup
Action Plan ("CAP") for the Midway Landfill, since the ROD will serve that same purpose.

The City is pleased to announce this approach with Ecology because it will save both.the City
and Ecology the staff and budget resources necessary to issue and implement a separate CAP.

Response: When EPA was writing the proposed plan, Ecology had tentatively decided that
Ecology would prepare a Cleanup Action Plan under MTCA. In accordance with EPA's
understanding of Ecology's current position, the ROD has been changed to reflect the fact that
after this ROD is completed, Ecology will use this EPA ROD, as allowed under MTCA. EPA
has worked with Ecology to incorporate language into this ROD to reflect the necessary



MTCA requirements.

Comment: Proposed Plan page 1 - delete "Additional groundwater wells may need to be
installed." The City has been monitoring groundwater through an existing network described
hi the CMP. It is the City's understanding that Ecology will'review and approve the CMP,
which sets forth the well network and monitoring schedule, as previously submitted. There is
neither a pending requirement nor a technical justification for additional wells beyond the
network in the submitted CMP. .

Response: The details of the monitoring requirements have been set out by the City of
Seattle in a compliance monitoring plan recently approved by Ecology. Through the
procedures outlined hi the agreements between Ecology and the City of Seattle, Ecology may
require the City of Seattle to install and monitor new monitoring wells if needed.

Comment: Proposed Plan, page 2 - the last paragraph needs to be re-written to reflect that
Ecology will adopt the ROD and will not issue a CAP.

Response: Please see EPA's response to the City's second comment, above.

Comment: Proposed plan, page 5 - add the word "final" to the first paragraph. The edited
sentence will read: "This legal agreement set forth Ecology's determination that certain final
remedial actions...." This edit reflects the wording of the existing CD that the remedial
actions performed under the CD were final actions and not interim actions.

Response: The referenced sentence from the proposed plan has not been repeated in the ROD.
A sentence that begins with the same phrase can be found in Section 2.1, but concludes with
Ecology's determination that undertaking certain remedial actions would provide immediate
protection to public health and the environment. This determination can be found in
Paragraph 6, Page 9 of the 1990 Consent Decree.

Comment: Proposed plan, page 5 - re-write the paragraph above "Site Characteristics" to
state that Ecology will amend the CD and adopt the ROD in its entirety, including the limited
action remedy, which addresses long-term monitoring through the CMP.

Response: As a result of discussions and reviews between the time of the proposed plan and
EPA's completion of the ROD, Ecology has decided to utilize the ROD as a Cleanup Action
Plan pursuant to MTCA, and to approve the CMP. The ROD reflects these recent Ecology
decisions.

Comment: Proposed plan, page 7 - third full paragraph from the top of the page. Delete
"most likely" from the first sentence. Based on the voluminous technical data, groundwater
contamination in the Sand Aquifer to the north, northwest and west of the landfill does not



come from the landfill. The present sentence is inaccurate.

Response: The phrase has been removed from the Summary of Landfill Conditions in Section
5.1. • . .

Comment: Proposed plan, page 9 - Table 1. Proposed Groundwater Cleanup Standards.
These proposed standards are acceptable to the City, with the exception of vinyl chloride. It is
the City's understanding that Ecology will agree to use the practical quantification limit
(PQL) for vinyl chloride as allowed by previously published Ecology directive.

Response: The concentration for determining compliance with the vinyl chloride cleanup
level is 0.2 ug/L and has not changed from the proposed plan. This concentration reflects.
Ecology's consideration of the PQL issues for vinyl chloride, consistent with WAC 173-340-
707 and the Department of Ecology's Implementation Memo No. 3, November 24, 1993.

Comment: Proposed plan, page 10 - the full paragraph under "#1 Monitor to." Delete this
first sentence: "The monitoring will be done...." and insert a sentence that states that
monitoring will be done pursuant to the CMP approved by Ecology.

Response: This sentence has been modified. The selected remedy reflects the City of Seattle
and Ecology recent agreement on .the details of the monitoring plan.

Comment: Proposed plan, page 11 - this sentence describing the third type of institutional
control needs to be edited: The reference to notifying "local licensed well drillers" should be
deleted because Ecology has dropped this requirement. Further, the City proposes satisfying
the notification requirement to the health department and nearby water districts by sending
them the annual groundwater monitoring reports. This paragraph should state this as well.

Response: Ecology has not. dropped the requirement that local licensed well drillers be
notified. However, this element of the selected remedy has been changed in two ways. First,
the notice requirement has been re-focused to limit the notice to those licensed well drillers
who have drilled wells in King County in the year just prior to the notice. This change
reflects the competitive state-wide nature of the well drilling business while not requiring
notices to drillers that may no longer be active. Second, Ecology will provide the list of
names and addresses to the City of Seattle. Ecology's Office of Water Resources maintains a
database that can provide this information.

The selected remedy allows the City to satisfy the notification requirements through
distribution of the annual groundwater monitoring report, as long as the report contains the
required information.

Comment: Proposed plan, page 12 - "State Acceptance" This sentence should be edited to



reflect that Ecology intends to accept the limited action remedy and adopt the ROD in its
entirety.

Response: The ROD now says that Ecology concurs with the selected remedy and that
Ecology has decided to utilize the ROD as a Cleanup Action Plan pursuant to WAG 173-340-
360(13).

Comment: Proposed plan, page 13 - delete the last two sentences of the last paragraph, which
begin: "For example, Ecology believes it may be necessary to identify...." As discussed
above, it is the City's understanding that Ecology will approve the previously submitted CMP.
This CMP sets out the scope of the City's groundwater monitoring obligation under the CD-

and amended CD.."-The CMP does not address groundwater entering the landfuTfrom off-site-
sources located on the north and northwest of the landfill.

Response: The two sentences have been deleted from the description of the selected remedy.
The intent of the sentences was to provide an example of the type of information that may be
necessary if the City of Seattle wishes to. demonstrate it is technically impracticable to meet
the cleanup standards at every down gradient well because of the up gradient sources. If in
the future the city would want to make a demonstration that it is technically impracticable to
meet the cleanup standards, it is possible that EPA and Ecology would require monitoring that
is not part of a monitoring plan already approved by Ecology. As stated in the ROD, in this
situation, EPA and Ecology would work together with the City of Seattle to determine what
information would be needed to support such a demonstration.
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I. INTRODUCTION

1.1 USE OF THE MANUAL

This manual provides specific information for the operation of the Midway Landfill Closure
Facilities and serves as a guide for attaining the most efficient and economical operation and
maintenance of these facilities. It also serves as a base document for operator training and as
a reference source for additional information.

This manual should be used as a working reference book. When information is needed, it can
be found by looking in the Table of Contents at the front of this manual. It is very important
to note all future plan modifications in this manual. The facilities operator should add pages or
sections to the manual as operating and maintenance procedures are refined and as new
information is learned.

The use of figures in this manual will be very helpful in understanding operation procedures.
To.effectively understand and use these figures, the reader should be familiar with the Valve and
Well Labeling System and Indices.

1.2 MANAGEMENT AND OPERATOR RESPONSIBILITIES

1.2.1 Management Responsibilities

The management's responsibility is to insure that facilities constructed for closure of the Midway
-Landfill are operated in accordance with established regulatory requirements. The general
purposes of the landfill closure are:

• To protect groundwater quality by minimizing surface water infiltration into the
landfill,

• To protect public health by controlling the migration and discharge of landfill
gases from the landfill site,

• To create a land use compatible with surrounding uses and an aesthetically
pleasing appearance.

It is the responsibility of the management to provide adequate financing for both operation and
maintenance of the facilities. The management should also employ competent operating staff
and insure that they receive proper training and an opportunity to keep abreast of current
operational techniques, environmental policies, and regulatory requirements. The management
should provide the operating staff with necessary direction and leadership.

Midway Landfill 21-1550-15
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1.3 DESCRIPTION OF FACILITIES . .

1.3.1 Site Background

The City of Seattle Engineering Department, Solid Waste Utility, leased the 60-acre Midway
Landfill site from Midway Sand & Gravel, Inc. and operated it as a landfill from 1966 to 1983.
The site is currently owned by the City of Seattle.

The Midway Landfill is in South King County in the City of Kent, directly east of the City of
Des Moines. Puget Sound is slightly more than a mile to the west. Residential areas surround
the site, with the exception of a commercial strip along Highway 99 to the west. Two
elementary schools and a community college are within 1 mile of the site. Interstate 5 (1-5)
borders the site on the east. Approximately 1 mile east of 1-5 is the Green River, which
meanders north, becomes the Duwamish River, and enters Puget Sound (see Figure 1-1).

From 1945 to 1966, the site was operated as a gravel pit. The pit originally was adjacent to a
peat bog lake, Lake Meade, located northeast of the center of the present landfill. As the pit
was mined, water was drawn from the lake to wash silt and clay from the gravel and sand, then
the water was returned to the lake. Silt and clay built up on the lake bottom. Near the end of
the operation of the gravel mine the barrier between the lake and the gravel pit was broken,
allowing the silty lake water to flow into the gravel pit. As a result, a clay/silt layer underlies
much, but not all, of the landfill.

In January 1966, the City of Seattle leased the site and began using it as a landfill for
nonputrescible waste. Nonputrescible waste includes organic material that decomposes more
slowly, such as demolition debris and wood wastes. The landfill received demolition debris
from commercial haulers and wood wastes arid yard trimmings from the City's transfer stations.
Records beginning in 1980 indicate that some low levels of industrial wastes also were deposited
after passing .a state-mandated screening and approval program administered by the Seattle-King
County Health Department. Information included in the United States Environmental Protection
Agency's (EPA) Emergency and Remedial Response Information System (ERRIS) files indicates
that the landfill may have received industrial liquid and sludge wastes before 1980. The landfill
was closed in October 1983.

During the course of operations at the landfill, an estimated 3 million cubic yards of solid waste
were deposited. This waste covers approximately 40 acres and is up to about 130 feet deep in
places. Solid waste gradually filled in first the northern, then the southern, part of the site. The
east side of the landfill rises above the adjacent property; the landfill surface slopes downward
to the northwest corner. The entire site was covered with a variable layer of soil when
operations ceased.

Midway Landfill 21-1S50-15
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1.3.2 Closure Improvements

The facilities an'd improvements constructed as part of the Midway Landfill Closure can be
separated into ten components or systems:

« On-site Drainage and Detention Pond
o • Stormwater Pipeline System
• Dewatering Pump Station
• 1-5 Pump Station
• Landfill Final Cover System . >
• Performance Monitoring System
• Landfill Site Improvements .

Landfill Well Field
• Flare Facility
• Utilities and Support System

Brief descriptions of these components, their purpose, and their use follow. More thorough
discussions of each system can.be found in the referenced chapters of this manual.

1.3.3 On-Site Drainage and Detention Pond

Surface water runoff from the landfill site is collected by a network of drainage ditches and
structures located along the landfill cover system (Figure 1-2). The ditches route the collected
runoff to a detention pond located at the northern end of the site. The detention pond has been
constructed with a flexible membrane liner system that prevents stormwater from infiltrating into
the adjoining landfill. The liner system consists of 60 millimeter high density polyethylene
(HDPE) sheeting, drainage net, and filter fabric. The detention pond outlet control structure
regulates the quantity of stormwater discharged from the pond thereby minimizing impacts to
downstream receiving waters and complying with regulatory discharge requirements. See
Chapter 8 for a detailed description of the surface water drainage and detention pond.

1.3.4 Stormwater Pipeline System

Several stormwater pipeline systems are used to collect and convey the surface water collected
from off-site sources to the on-site detention pond, and to discharge stormwater from the site
(Figure 1-3). The collection pipelines convey runoff water collected along Highway 99 west of
the landfill site, and the Linda Heights Park area located east .of 1-5. The discharge pipeline
conveys released stormwater from the detention pond to a discharge outlet structure located west
of the landfill site at the north fork of McSorley Creek. See Chapter 8 for a detailed description
of the stormwater pipeline systems.

Midway Landfill 21-1550-15

0&.M Manual . 1-5 December 1992



HIGHWAY 99
•• STORMWATER

COLLECTION
SYSTEM

36 INCH DIAMETER
STORM WATER

OUTLET TO
McSORLEY CREEK

\

INLET FLUME

STORM WATER
PIPELINE FROM

LINDA HEIGHTS PARK
AND 1-5 DRAINAGE

\

252ND ST

-o

; 1-5 PUMP
.' STATION

NOT TO SCALE
Generalized Surface Water
Flow Patterns

Figure 1-2.
Midway Landfill
Drainage System



SijijSjiPuget Sound;

Flow Control
? Structure,

See Figure 8-6

Parkside
Elementary i

School

Flow
Control
Structure
See ;
Figure
8-5

.••'

•~^~^~-. S. 248th St

Outlet Structure
See Figure 8- 8

|! .24 Inch PSD

SCALE IN FEET

0 400 800 Figure 1-3.
Discharge Pipeline



1.3.5 DewaterLng Pump Station

A dewatering pump station has been installed along the northern edge of the detention pond.
The purpose of this pump station is to collect and discharge groundwater which has been
removed by a gravity extraction system from beneath the detention pond's liner system (see
Figure 1-1). The pump station consists of duel submersible pumps which operate as the water
level within the pump station wet well increases. Water discharged by the pumps passes through
a flow monitoring station where flow quantities are recorded prior to being discharged into the
Midway Sewer District sewer system. See Chapter 9 for a detailed description of the dewatering
pump station.

1.3.6 . 1-5 Pump Station

Surface water from the Linda Heights area located east of 1-5 is collected in a natural low lying
area located between Linda Heights Park and the freeway. The 1-5 pump station located
adjacent to this basin pumps stormwater to a pipeline system, where it is conveyed and
discharged into the landfill detention pond. The 1-5 pump station consists of four pumps that
operate as flows within the pump station wet well increase. See Chapter 10 for a detailed
description of this pump station.

1.3.7 Landfill Final Cover System

The landfill site is covered by a final cover system.. The final cover consists of a combination
of natural and synthetic membrane liner materials which serve to restrict the infiltration of
surface runoff water through the landfill surface, reducing the potential for- leachate generation.
Rather than infiltrating the landfill surface, surface water flows overland and is collected by the
on-site drainage improvements which remove it from the landfill site. Any surface water which
may infiltrate the upper zones 'of the cover system is later collected within a series of subsurface
collection pipelines and is -subsequently discharged into the drainage system. See Chapter 12
for a detailed description of the landfill final cover system.

1.3.8 Performance Monitoring System

To monitor the performance of the landfill closure improvements monitoring systems have been
established on and adjacent to the landfill. Gas probes have been installed to detect the presence
of landfill gas beyond the boundaries of the landfill site and to monitor the performance of the
88 gas extraction wells that comprise the Midway Landfill well field operations. Groundwater
monitoring wells have been installed to detect presence of any groundwater contamination caused
by leachate from buried refuse. See Chapter 13 for a detailed description of the performance
monitoring system.

Midway Landfill 21-1S50-15
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1.3.9 Landfill Site Improvements

Landfill.site improvements have been constructed in conjunction with the landfill closure. These
site improvements include access roads, security gates and fences, as well as landscaping. Site
improvements provide functional access to the site while aesthetically improving its appearance.
See Chapter 12 for more details on landfill site improvements.

1.3.10 Landfill Well Field

The Midway Landfill well field consists of 88 gas extraction wells used to remove landfill gas
from the site (Figure 1-4). Fifty-six of these wells penetrate the buried refuse within the landfill
while 31 wells are installed in native soils surrounding the landfill perimeter. Each well is
connected to a vacuum manifold located along the site perimeter. The vacuum manifold collects
and conveys the landfill gas under negative pressure to the motor blower/flare facility, where
the landfill gases are combusted. See Chapter 14 for a detailed description of the landfill well
field.

1.3.11 Motor Blower/Flare Facility

A permanent motor blower/flare facility has been installed in the northwest corner of the landfill
site (see Figure 1-4). This facility generates the vacuum (negative) pressure needed to extract
landfill gas from the well field. Gas is sent through the motor blower/flare facility where the
condensate is removed. Next, the gas is passed through flares that combusts the gas and release
emissions into the atmosphere. Combustion temperatures and emission quality are closely
monitored during this process to assure compliance with regulatory requirements. See Chapter
15 for a complete description of the facility.

1.3.12 Utilities and Support Systems

Closure improvements and equipment facilities are supported by utilities and other support
systems located adjacent to the landfill site and in off-site facilities. Electrical power service
operates the pump stations and the motor blower/flare facility. Water service is also provided
at the motor blower/flare facility and the 1-5 pump station, while condensate from the flare
facility and groundwater from the dewatering system are disposed of by the sanitary sewer
service.
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2. ADMINISTRATION

(Not submitted at this time.)
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3. PERMITS AND STANDARDS

3.1 INTRODUCTION

The City of Seattle must obtain and comply with permits and requirements set forth by several
agencies and municipalities with jurisdiction over the final closure and subsequent operation of
the Midway Landfill. Specifically, the Washington State Department of Ecology (Ecology), City
of Kent, Department of Transportation (WSDOT) and the Puget Sound Air Pollution Control
Agency (PSAPCA) have direct jurisdiction over the Midway Landfill. The City must also
comply with Washington State Water Quality Standards and Washington State Minimum
Functional Standards For Waste Handling (MFS).

Those aspects of these permits and standards of direct concern to the landfill operations
personnel are discussed in the following paragraphs. Failure to comply to these requirements
can result in large fines to the City and possible legal actions.

3.2 PERMITS

3.2.1 Ecology Stormwater Discharge Agreement/NPDES Permit

In 1987, the City of Seattle applied to Ecology for an National Pollution Discharge Elimination
System (NPDES) permit for stormwater discharge from the Midway Landfill. At that time,
Ecology indicated that an NPDES permit was not required.. However, Ecology and the City
negotiated acceptable discharge parameters for stormwater discharges. Stormwater is collected
in the landfill detention pond and discharged into McSorley Creek.

The stormwater discharge agreement details the operations and testing requirements for the
detention pond and subsequent discharge to McSorley Creek. In addition, the agreement lists-
minimum water quality standards that the stormwater must meet prior to discharge (Table 3-1).
The operations requirements of the agreement are included in Chapter 8 of this manual. The
water quality testing procedures are detailed in Chapter 11. The minimum water quality
standards for the stormwater discharged into McSorley Creek are listed below in Table 3-1.

Table 3-1 Water Quality Parameters For Normal Stormwater Discharge to McSorley
Creek (Interim Discharge Agreement)

Field Measurement Acceptable Level For Discharge

Temperature
PH
Dissolved oxygen
Turbidity
Conductivity

< 18°C
> 6.5 and <8.5
> 8.0 mg/£ "
< 29 NTU or < background
< 400 ^tmhos/cm

+ 5 NTU
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It now appears that an NPDES permit for discharges from the pond may be required under Part
122 of the Clean Water Act. The City will work with Ecology to determine if the permit is
indeed required and to negotiate the appropriate discharge standards.

3.2.2 City of Kent, City of Des Moines and King County

The City has several of permits with Kent, Des Moines, King County and private landowners
authorizing the installation of:

• Groundwater Monitoring Wells
o Gas Monitoring Probes
« Temporary Gas Extraction Wells
• Surface Water Drainage Pipeline and Outfall Structure Easements

These permits are in several forms:

• Street Use Permits
• Right of Way Permits
e Temporary Use Permits
• Property Easements
o Quit Claims
o Consent For Access Permits
o Easements X~N

3.2.3 DOT Franchise Permit

The City has permits with the Washington State Department of Transportation for the installation -
and operation of several monitoring wells and extraction wells along the 1-5 right of way.

3.2.4 PSAPCA Permits

The City has two current permits with the PSAPCA:

« Permit 2757 - For the Construction and Operation of Off-Site Gas Control Wells.
» Permit 3125 - For the Construction and Operation of the Permanent Blower/Flare

Facility. .

The PSAPCA permits include the conditions and operations/testing requirements for the control
wells and permanent flare system.

3.3 CITY REGULATIONS AND OPERATING PROCEDURES

Several City of Seattle regulations and procedures affect operations at the Midway Landfill.
Foremost are the health and safety procedures detailed under the Midway Landfill Site Safety
Plan. All other applicable regulations and procedures pertaining to landfill operations are

Midway Landfill 21-15SO-15 —'
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available at the downtown office of the Seattle Engineering Department or at the Seattle City
Hall.

3.4 WASHINGTON STATE WATER QUALITY STANDARDS

Ecology established water quality standards for all surface and ground waters of the state in 1977
under Washington Administrative Code (WAG) 173-201 and WAC 248-54. All surface waters
have been classified within the following five designations:

o Class AA Extraordinary
e Class A Excellent
• Class B Good

Class C Fair
• Lake Class

At the outfall from the Midway Landfill surface water detention pond system, McSorley Creek
is classified as Class A. Water use standards -and water quality criteria for Class A waters
appear on pages four and five of the Water Quality Standards for the State of Washington.

3.5 WASHINGTON STATE MINIMAL FUNCTIONAL STANDARDS

The regulations relating to the MFS for solid waste handling are under the authority of 70.95,
of the Revised Code of Washington (RCW), WAC 173-304. Following is an overview of the
more applicable standards for the closure and subsequent operation of the Midway Landfill:

• WAC 173-304-407 defines closure and post-closure requirements for:

• Effective dates
• Closure performance standard
• Closure plan and amendments ,
• Closure procedures
• Post-closure performance standard
« Post-closure plan and amendments
• Post-closure procedures

» WAC 173-304-9901 defines maximum contaminant level for groundwater:

• Maximum groundwater contaminant levels specified under WAC 248-54
(primary drinking water standards).

<» Analytical methods as specified under 40 CFR Part 141..

The above described minimum functional standards are those that most directly apply to
operations at the Midway Landfill. A copy of the most current Washington State Minimum
Functional Standards for waste handling appears in Appendix M and should be used for
reference.
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3.6 REPORTING REQUIREMENTS FOR NONCOMPLIANCE CONDITIONS s~\

3.6.1 Surface Water

Ecology and the Midway Sewer District should be informed if the surface water samples do not
meet the required standards. See Section 7.4.7 for the procedure on handling a surface water
contamination problem.

3.6.2 Air Discharge

If operational requirements for the permanent flares are not met, the PS APCA should be notified
at (206) 343-8800. Depending on the operational data, PSAPCA will advise the City as to the
required corrective measures.

O
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4. ENVIRONMENTAL MONITORING

4.1 DESCRIPTION

Environmental monitoring is required under the construction and operating permits issued for
the Midway Landfill final closure actions. Environmental monitoring is also necessary to
effectively operate the landfill gas extraction system and to accurately gauge the effects of final
closure operations on the protection of the environment and human health. This chapter
discusses the measures currently being taken to monitor the final closure actions. Additional
monitoring may be necessary when the Washington State. Department of Ecology (Ecology)
finalises the Cleanup Action Plan (CAP) for the Midway Landfill.

4.2 MONITORING REQUIREMENTS

4.2.1 Landfill Gas and Flare Emissions

The PSAPCA permits require that the inlet and outlet gas streams at the flares be monitored
annually for the first five years of operation. The monitoring frequency may be reduced after
two or three years, depending on the monitoring results. The gas streams are monitored for the
following parameters:

Percent moisture
Flow rate
Temperature
Carbon dioxide
Carbon monoxide
Oxygen
Volatile organic compounds (VOCs)
Hydrochloric acid (outlet only)
Nitrogen oxides (outlet only)
Sulphur dioxide (outlet only)
Methane (inlet only)

4.2.2 Condensate

Condensate is currently discharged to the Midway Sewer District sewer system. Condensate
discharge is unregulated and no monitoring is required. However, it will be regulated and
monitored under Ecology's Cleanup Action Plan. As needed, Condensate samples can be
collected at the condensate manhole (see Section 14.1.4.3).

4.2.3 Compliance Monitoring

Federal and state regulations for closure of a solid waste landfill require that compliance
monitoring be performed to track the migration of contaminants into and away from the site
(WAC 173-304). Compliance monitoring also assesses the effect of the remedial measures for
protecting human health and the environment by controlling the contaminant source.
Compliance monitoring at the Midway Landfill has been expanded beyond the MFS
requirements, and consists of quarterly monitoring of 17 wells that are upgradient, at the site
boundaries, and downgradient of the landfill (Figure 4-1).
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See Chapter 11 for more information concerning compliance monitoring.

4.2.4 Surface Water

Surface water runoff from the landfill is channeled through a system of ditches and is collected
in the detention pond at the northern end of the landfill. Water that infiltrates through the cover
soils will flow through the drainage layer to subsurface drain pipes. These subsurface pipes
route the water to the detention pond. Stormwater from 1-5 and a drainage basin east of the 1-5
corridor (just below Linda Heights Park) will be routed to the on-site detention pond for
controlled discharge to McSorley Creek (Figure 4-2).

The City has an interim agreement with Ecology which allows the pond water to be discharged
until an NPDES permit.can be issued. Under the requirements of the agreement, the City must
monitor the water near the detention pond outlet for temperature, pH, dissolved oxygen,
turbidity, and conductivity prior to discharge to McSorley Creek. The acceptable levels of the
above parameters can be found in Table 3-1. The water discharges to the creek through a flow
control, structure that restricts the flow in the pipe to the maximum allowable rates based on 2,
25, and .100 year design storms. These design flows were agreed to by the Department of
Fisheries, State Parks and Recreation Commission, City of Kent, City of Des Moines, and
Department of Ecology.

4.2.5 Groundwater Level Monitoring

Groundwater level monitoring is done to track the response of the leachate liquid levels and the
shallow groundwater to the remedial actions. Groundwater level monitoring includes quarterly
monitoring of on-site leachate and gas extraction wells and selected off-site wells to determine
the levels of APL (Aqueous Phase Liquid) and NAPL (Non Aqueous Phase Liquid) in the
landfill and the direction of the shallow groundwater flow (Figure 4-3). These wells will be
monitored for a period of 5 years or as long as is determined necessary from the monitoring
results. Sampling and analysis of these wells is not performed.

4.3 RECORDKEEPING AND REPORTING

Detailed field notes should be collected during all environmental monitoring activities. A copy
of these notes in addition to copies of laboratory analytical results should be maintained in a file
on-site. At a minimum the following information should be recorded during all environmental
monitoring activities:

Monitoring Date and Time
Monitoring Personnel
Monitoring Location
Weather and Barometric Pressure
Type of Monitoring
Field Data
Samples Collected
Chain of Custody Documentation
Comments
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5. SAFETY

5.1 DESCRIPTION

Safety is an important part of landfill operations. The Midway Landfill has been designated a
Superfund cleanup site by the EPA. The potential for exposure to harmful substances, as well
as the hazards associated with the machinery on site, exist for field personnel. The risks to
personnel can be reduced by following basic safety procedures and eliminating unsafe conditions.

First aid equipment should be maintained, and on-site personnel should be familiar with the use
of this equipment. All on-site personnel should complete a certified first aid and CPR training
course as part of normal job training.

Before job assignment, all personnel working at the facility should undergo medical screening
to determine their baseline fitness for working in hazardous environments. Records of each
employee's medical testing will be maintained at the project field office. Follow-up medical
testing shall be conducted on an annual basis. Medical testing will follow the most current
guidelines set forth by the Occupational Safety and Health Administration (OSHA) under 29
Code of Federal Registrar (CFR) 1910.120(f), 29 CFR 1910.20, and the Washington Industrial
Safety and Health Administration (WISHA) under WAC 296-62 (300-3190, Part P).

All field personnel are required to understand the Midway Landfill Site Safety Plan developed
specifically for the Midway Landfill. This chapter is not intended to cover all safety issues.
Staff must refer to the Midway Landfill Site Safety Plan for the complete site safety program.

5.2 SAFETY TRAINING PROGRAM

All field personnel will be trained as soon as possible after job assignment, as required by
OSHA and WISHA. This training includes:

• Eighty hours of off-site safety training or acceptable equivalent

• An additional 8 hour refresher course yearly

• An additional, 8 hours of management personnel training for site supervisors

« Additional hands-on training in the use of respirators and self-contained breathing
apparatus (SCBA)

• Standard first aid course

• Cardiopulmonary Resuscitation (CPR)

Midway Landfill ' ' • 21-1550-1S
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Monthly site safety meetings will be conducted to provide additional safety training. During
these meetings, site procedures will be reviewed and modified as necessary. Other common
topics during these meetings will include safety equipment needs and the review of emergency
procedures.

A set of complete and updated training records for all field personnel must be maintained on
site.

5.3 GENERAL SAFETY PRECAUTIONS

5.3.1 Landfill Gas

Landfill gas is a potentially dangerous mixture of gases created as waste material decomposes.
Three main hazards are associated with landfill gas: (1) the potential for an explosive or
flammable mixture of gas, (2) the possible toxic or carcinogenic nature of landfill gas
constituents, and (3) the potential for landfill gas to replace oxygen in the breathing zone and
cause asphyxiation. Table 5-1 lists the major constituents of landfill gas commonly found at
Midway. Hydrogen sulfide (H2S) and carbon monoxide (CO) also have been detected on
occasion. Results from the annual flare testing indicate the landfill gas stream also contains
trace quantities of volatile organic compounds.

Follow these safety precautions to reduce the risks associated with landfill gas:

o Work in potentially contaminated areas only in a team of two or more.
Additional personnel may be directed to standby under the discretion of the site
safety officer.

• Only non-sparking tools should be used if the potential for explosive levels of
flammable gas in the work area exists.

o Instrument checks for the presence of landfill gas or lack of oxygen in the
breathing zone should be made before personnel enter a potentially contaminated
area.

• Personnel should never enter areas where explosive gas concentrations are greater
than 25% of the LEL (lower explosive limit). '

• Entry into confined spaces is prohibited unless specifically authorized by the site
safety officer. Entry into a confined space must be in accordance with the
confined space entry procedures' outlined in the Midway Landfill Site Safety Plan.
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Table 5-1 Major Constituents of Landfill Gas at the Midway Landfill

Chemical Name Chemical Symbol

Methane CH4

Nitrogen N2

Carbon Dioxide . . CO2

Carbon Monoxide CO

5.3.2 Condensate

Testing of condensate at the Midway Landfill has shown concentrations of EPA: Hazardous
Substance List (HSL) contaminants to be well below hazardous levels. The greatest exposure
to field personnel from condensate is through skin contact. A description of the contaminants
found in condensate can be found in Table 5-2.

Condensate exposure through skin contact can be stopped through the use of the following safety
precautions:

• Chemical-resistant gloves should be worn if there is any chance of exposure to
condensate.

« Chemical-resistant boots, coveralls, and eye protection may be necessary for
certain tasks.

• All tools or instruments that are exposed to condensate should be kept isolated
and handled with gloves until they are decontaminated.

« Wash hands immediately after any accidental contact with condensate.

• Do not eat or smoke in areas considered contaminated; these activities are
restricted to designated "clean areas."

• . .While working around condensate, keep hands away from your face.

Midway LandfiU 21-1550-15
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Table 5-2 Listing of Chemical Hazards Found in Condensate o
Chemical Name Chemical Symbol

Acetone

1,2-Dichloroethylene

Trichloroethylene

Benzene

Toluene

Chlorobenzene

Ethyl Benzene

Styrene

1,1-Dichloroethane

2-Butanone

2-Hexanone

Arsenic

CH3COCH3

C1CHCHC1

CHC1CC12

C6H5CH3

C6H5C1

C2H5C6H5

C6H5CHCH2

CH3CHC12

CH3COCH2CH3

CH3CO(CH2)3CH3

As

5.3.3 Electrical Equipment

With the presence of electrical equipment at the pump stations and motor blower/flare facility,
there are many opportunities for electric shock. Electrical shocks of 10 milliamperes are severe;
however, electrical shocks of 100 milliamperes are lethal. Even low voltage or amperage
control circuitry may produce these shocks if a person, is properly grounded. An electrical shock
can produce both trivial and serious injuries. For example, if the contact is poor or of short
duration, a muscular contraction and a numbing sensation may be the only results. However,
good contact between a well-grounded body and current of adequate strength and duration can
result in electrocution.

Low voltage (110 to 220 volts) currents sustained for over two seconds frequently cause a
quivering of the heart muscles (ventricular fibrillation). High voltage currents are more likely
to produce muscle contraction, unconsciousness, respiratory paralysis, cardiac arrest and severe
bums at contact points.

To help avoid the risk of electrical shock, the following safety precautions should be observed:

o Never work on electrical equipment unless you are thoroughly familiar with -it,
know precisely what you are trying to accomplish and the safe method of
accomplishing it.

c
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• Electrical switches axe particularly dangerous. When electrical problems develop,
seek the help of a licensed electrician.

.» Before repairing any electrical equipment, the individual starter, breaker, or
switch should be locked in the off position and tagged to warn against being
turned on.

• It is critical that any electrical equipment being repaired or inspected be
completely isolated from all sources of electrical power. Read the circuit

. diagrams carefully prior to starting work. Insure control circuits in repair are
totally isolated from other control circuits or devices. In some cases, even with
switches in the off position, the supply side of the switch is still "live."

5.3.4 Mechanical Equipment

Most mechanical equipment at the pump station and motor blower/flare facility is electrically
operated; therefore, electrical hazards exist. In addition, there are dangers from contact with
rotating shafts or belts, inadvertent opening of pressurized lines, contact with heated surfaces
(flare skin temperature may be higher than 400 °F), and inadvertent operation of equipment
during maintenance or repair.

Prevention of physical injuries can be accomplished by following these procedures:

• Follow proper lifting techniques.

• Disconnect equipment at the motor control center before working on it. Follow
the tagout procedure in Section 3.3 of the Midway Landfill Site Safety Plan.

• Use good housekeeping techniques around mechanical equipment to prevent falls.

• Exercise care when working around rotating parts, shafts, belts, mechanisms, or
heated surfaces.

• Wear hard hats and protective clothing as appropriate.

• Make sure the equipment you are working on is de-energized or depressurized
prior to starting work.

• Never operate any machinery without guards and protective devices.

5.3.5 Explosion and Fire Hazards

The operator of the landfill gas extraction system should impress on all personnel and visitors
the danger of smoking, dropping lighted matches or burning cigarettes, and using open flames.

Midway Landfill ' 21-1550-15
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Other sources of explosion and fire are the plant electrical system and stored flammable
materials. Exercising proper site security, maintenance and housekeeping procedures is the best
protection against accidental explosions or fires.

All personnel should be thoroughly familiar with fire extinguisher operation and locations. Use
fire extinguishers rated as multi-purpose to serve class A, B, and C fires. Additional fire
extinguishers should be maintained in all vehicles used on the site. Extinguishers should be
checked annually for pressure and condition of the dry chemicals..

The plant operator and personnel should learn the classification of fires:

« Class A: Ordinary combustible, materials such as wood, coal, paper, or fabrics
where wetting and cooling is the method of extinguishment.

« Class B: Flammable petroleum products or other flammable liquids and
flammable gas, where oxygen must be excluded for extinguishment.

« Class C: Fires in or near energized electrical equipment where, because the use
of water would be hazardous, a "non-conducting" extinguishing agent must be
used.

5.4 SAFETY EQUIPMENT

Safety equipment is maintained at the Midway Landfill Field Office. This equipment includes
the following items:

• Hard hats
o Safety glasses
o Steel-toe boots .
• Chemical-resistant gloves, coveralls, boots
o Rainwear
• Respirators and SCBAs
• Ambient air quality instruments (combustible gas indicators, oxygen meters,

Organic vapor detectors)
• Safety vests . '
• Safety belts . ,
• Eyewash kits
• First aid kits

All field personnel must be aware of this equipment and familiar with its use. The use of safety
equipment is mandatory. '

5.5 ACCIDENT REPORTING

All accidents, minor or otherwise, should be reported immediately to the site safety officer. All
insurance benefits and reporting procedures will be thoroughly explained to new employees.

Midway Landfill , 21-1S50-15
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5.6 TREATMENT FACILITIES

If a worker is injured, appropriate first aid should be administered immediately and the nature
of the injury should be determined. If the injury is serious, the appropriate agency listed below
should be contacted:

Agency Phone #
Ambulance/Fire Department/Police 911
Hospital Emergency Room

Valley Medical Center 228-3450
Auburn General Hospital 833-7711 .

Poison Control Center . 526-2121

5.6.1 Routes to Hospitals and Treatment Facilities

Locations of hospitals and treatment facilities noted above are shown in Figures 5-1 and 5-2.
Directions for driving from the Midway Landfill site to these hospitals are given below:

Vallev Medical Center. 400 S. 43rd Street, Renton

Go north on Pacific Highway South to Kent-Des Moines Road. Turn right on Kent-Des
Moines Road. Go under 1-5, through three stop lights and move into the left lane. Take
northbound Highway 167 on-ramp (beneath viaduct). Stay on Highway 167 and exit at
43rd Street. Turn right at the light. Immediately move into the left lane. Valley
Medical Center is on the left.

Auburn General Hospital. 20 Second Street N.E., Auburn

Go south on Pacific Highway South to South 272nd Street. Turn left on South 272nd
Street. Get on Interstate-5 South and exit at the Auburn exit (Highway 18) immediately
after the second Federal Way exit. Turn left and follow Highway 18 for 3-5 miles.
Turn left at C Street. Follow C Street until you reach Second Street. Turn right at
Second Street. The hospital is located on the right-hand side of the street.

5.6.2 Poison Control Center

The Poison Control Center should be notified at the number listed in Section 5.6 in the event
of potential exposures to toxic substances. Evidence of exposures to toxic substances may
include nausea, headaches, dizziness, weakness, eye or respiratory irritation, or any other
unusual symptoms.
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H î .;-.!̂ - '̂ ..> , ^——;-T > • -;1 ": '- •(•'•:•".-'—?.•-' •":'.:-~ 7':.. i. 'L'i"' • •

JphSt̂ ^^

l-i^- .̂̂ y-''.̂ -.'̂ .̂.: -JX; , - - K ̂ V'^ll^l^.

Or^y^fex.-'.^'i 4^ •:m-^pfp^ff ^ • ̂ :'' tx.'̂ .: • * ; . . t^v^r^SKSfS^^?
iT'Tn ' , ' • • • k,,~" H:.T. •" ••: i •/' ••', -^^ _'"' ;- * ~v ̂ -- -^--y -''Si

9^t;w?L?'• JV ,\ l4U_ ; \ ' - : ' ' ""̂ .. I:.-,. "-^.i-^m- ^••S;' x" .̂

SCALE IN FEET

r~u
2.000 4,000

Figure 5-2.
Location Map Showing
the Midway Landfill and
Auburn General Hospital



OPERATOR NOTES AND COMMENTS

Midway Landfill 21-1550-15

O&M Manual 5-10 December 1992



6. MAINTENANCE

6.1 INTRODUCTION

This chapter provides guidelines to aid the landfill site manager in instituting and understanding
the need for an effective maintenance program. The objectives of such a maintenance program
are to:

» Insure reliability of operation and limit environmental impacts

• Protect and extend the useful life of the landfill closure facilities and associated
equipment

o Assure safety of personnel

6.2 IMPORTANCE OF MAINTENANCE

The landfill closure facilities represent a substantial investment by the City of Seattle to protect
the public health and environment in the areas surrounding the landfill site. One of the
important keys to minimizing environmental impacts resulting from the landfill is a sound
maintenance program. . .

A sound maintenance program has an added benefit because the operations personnel are able
to spend more time becoming familiar with equipment and facilities. This familiarity results in
better operation of the facilities and a better ability to make judgments in emergency situations.
In addition, through regular maintenance, more problems will be identified before they result
in serious consequences or emergency conditions.

6.3 TYPES OF MAINTENANCE

As shown in Table 6-1, there are five different types of maintenance tasks listed by priority
rather than by frequency. The anticipated percentage of maintenance time for each activity is
also listed along with a brief description and some typical examples. Table 6-1 is provided as
a guide to help put the different types of maintenance activities in proper perspective. The
different types of maintenance are also discussed in the following subsections.
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Table 6-1 Priority of Maintenance Tasks

Priority Type of Maintenance
% of
Time Description and Example

1 Emergency

Preventive

Corrective

Special

Housekeeping

5 A situation requiring immediate attention;
e.g., blower failure.

60 Scheduled inspection, lubrication, and minor
repairs carried out during inspection; e.g.,
weekly inspection of pumps and blowers,
cleaning of ditches and culverts.

20 Corrective maintenance required as a direct
result of scheduled inspection; e.g., replace
worn bearings, overhaul piece of equipment,
repair torn membrane liner.

5 Required maintenance not listed in the
manufacturer's literature; e.g., wet well
cleaning, fixing and/or organizing spare
parts.

10 Routine housekeeping of buildings and
grounds; e.g., mowing grass, painting, and
general housekeeping.

O

o
6.3.1 Preventive Maintenance

Preventive Maintenance is work done to prevent breakdown, reduce wear, improve efficiency,
and extend the life of equipment and structures. It includes, routine inspecting, servicing, and
equipment lubrication. With the exception of routine surveillance and inspections, preventive
maintenance tasks should be scheduled in accordance with the recommendations of the
manufacturer's and recorded in accordance with the record system described in Section 6.4.

During routine inspections, the operator should be alert for any abnormal conditions which could
indicate potential problems. If an equipment problem is caught at an early stage, it is usually
easy to repair. In most instances, standby or duplicate equipment is available so that the
operator can shut down a piece of equipment and take the necessary action to prevent major
repairs. Equipment lubrication is one of the most important elements of preventive maintenance.
Lubrication and lubricants are discussed in Section 6.5.
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6.3.2 Corrective Maintenance

Corrective maintenance is the work required for repairs and other nonroutine maintenance.
System operators must always be ready to handle these tasks as the need arises. Corrective
maintenance procedures should follow^ the manufacturer's recommendations for disassembling
and assembling equipment. In planning for the corrective maintenance, arrange for the
assistance of an outside repair service or manufacturer's representative.

6.3.3 Special Maintenance
\

Special maintenance tasks are activities not listed in the equipment manufacturer's instructions
but important to the successful operation of the landfill closure facilities. These activities include
cleaning the storm drain pipe and cleaning pump station wet wells, as well as repairing,
organizing and inventorying spare parts.

6.3.4 Housekeeping

Maintaining well-kept landfill closure facilities indicates pride on the part of the operating staff,
and provides for good and efficient operations. A well-kept landfill cultivates good neighbor
relations with adjacent property owners. Housekeeping tasks include mowing grass on the
landfill site, controlling weeds in the detention pond, painting or coating peeling or corroded
surfaces, and collecting and disposing of litter and debris.

6.4 MAINTENANCE RECORD SYSTEM

The maintenance record system is an important aspect of the maintenance management program.
From a review of such records, the operator can determine the weaknesses of equipment and be
able to determine which parts should be kept in stock. Such reports may be kept on cards; one
card for each piece of equipment. A record of all lubrication, inspection, cleaning, replacement
of worn parts, and other important data should be kept on these cards.

Some operators divide the maintenance record card into two separate cards: an equipment service
card and a service record card. The equipment service card lists all the preventive maintenance
for that piece of equipment and the frequency at which it is performed. The service record card
shows what work was performed, when it was performed, and who performed it.

A spare parts inventory log should be maintained. For each part the log should contain:

• A description
• Its cost
• The name of the supplier(s)
• Date it was purchased
• A minimum and maximum quantity to be maintained

Midway Landfill 21-1550-15
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Other maintenance records which should be kept for each facility include:

• Cost records for maintenance of equipment

o Cost records for outside repairs

• Hours to repair and maintain equipment

• Staffing requirements

• Any corrective and special maintenance performed

6.5 LUBRICATION AND LUBRICANTS

Blowers, pumps, motors, and drives should be oiled and greased in strict accordance with the
manufacturer's recommendations. The system valves at the motor blower/flare facility are
factory sealed and self-lubricating. Operate valves open and closed to ensure proper lubrication.
The frequency of addition or complete change of lubricant depends on how rapidly the lubricant
breaks down, if lubricant is used up or lost, and various other internal and external conditions.

Greases and oil are graded and identified by viscosity. Numbers are assigned to lubricants to
identify their grade or consistency such as SAE 20 or 40, AGMA 2 or 5, and NGLI 0 or 2. The
smaller the number, the lighter the lubricant. It is recommended that the equipment
manufacturer be contacted if there is any doubt regarding compatibility of lubricants, or if a loss
of warranty is possible.
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7. EMERGENCY PLANS AND PROCEDURES

7.1 DESCRIPTION

The importance of having emergency plans and procedures for the City of Seattle's post-closure
operations at the Midway Landfill cannot be over-emphasized. An emergency during post-
closure operation is any occurrence that may arise during normal operation of the landfill
facilities that can seriously endanger human life or the operation process. This section will
present information and data that will assist in the safe, effective, and continued operation of the
facilities under emergency conditions. It will also aid in reducing the frequency of certain
emergency events through better operation, planning, and maintenance.

7.2 EMERGENCY EVENTS

The facilities operator should have a clear understanding of all emergency events and conditions
that could occur at a landfill site. These events include: -

« Power outage
• Manifold break
• Refuse fire
• Mechanical system failure
o . Backflash
• Detention pond flooding
• Detention pond failure
• Surface water contamination
• Natural disasters

These events are briefly discussed below.

7.2.1 Power Outage

Landfill facilities such as the motor blower/flare facility and the pump stations need external
electrical power to operate in an efficiently and reliably. Interruption of the electrical utility
constitutes an emergency condition.

7.2.2 Manifold Break or Landfill Gas Leak

Indications of a significant vacuum manifold leak include the following symptoms as measured
at the motor blower/flare facility: reduced methane concentrations, elevated oxygen
concentrations, decreased vacuum and increased velocity measurements. Large changes in any
of these readings indicate an emergency and should trigger a leak response action. A large
manifold leak can cause a backflash condition at the flares and reduce the effectiveness of the
extraction system.

Midway LandfU 21-1550-15
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A landfill gas leak can only occur if .the affected section of pipe is under positive pressure.
Under normal operating conditions, the vacuum manifold will not leak because it is under a
vacuum. Landfill gas can potentially leak from sections of manifold that are not under a vacuum
or from the piping between the blowers and the flares. The initial indicator of a landfill gas leak
will be odor. Landfill gas leaks greatly increase fire hazards and allow unburned gas to vent
to the atmosphere, where it can present a potential health hazard.

7.2.3 Refuse Fire

A refuse fire results from air intrusion in the landfill, causing the refuse to decompose
aerobically. During aerobic decomposition, refuse decomposes in the presence of air and forms
carbon dioxide, water vapor, residual nitrogen, carbon monoxide, and heat. The primary
indicators of a refuse fire will be seen at the nearest extraction well and typically include:
increased temperature, decreased methane concentration and the presence of carbon monoxide.
The potential effects of a refuse fire include increased settlement, cover disturbance and the
release of potentially toxic or explosive gases.

7.2.4 Mechanical System Failure

Mechanical system failure is probably the most likely cause of emergency conditions. If
equipment is not maintained or operated properly, it could fail. In addition, some parts may fail
because of defective materials. The importance of proper and timely maintenance procedures
cannot be overemphasized.

7.2.5 Backflash

A backflash occurs when gas combustion occurs in the pipeline/equipment system. It will only
occur when there is an explosive mixture of gas in the pipeline" or equipment caused by too high
an oxygen level in the gas mixture. Oxygen increases in the gas piping are typically caused by
leaks in the vacuum manifold. Backflash will most likely occur at the flare. The flame arrestor
should stop any flame front from propagating back into the system.

7.2.6 Detention Pond Flooding

Flooding of surface water contained in the detention pond may create a threat of damage to
nearby property owners north and west of the site. While the detention pond has been built to
accommodate runoff from a 100-year rain storm, other factors such as a plugged outlet may
cause water levels within the pond to rise beyond those for which it has been designed.
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7.2:7 Detention Pond Failure

The bottom liner system of the detention pond can potentially be impacted by hydraulic uplift
forces during seasonally high groundwater periods. A groundwater collection and pumping
system has been installed under the bottom liner to relieve these potential uplift forces. Damage
may occur to the bottom liner if the collection system clogs or the pump fails during periods of
high groundwater when the pond is empty.

7.2.8 Surface Water Contamination

Contamination of surface water constitutes an emergency condition because of its potential threat
to the health and safety of people, animals, or fisheries resources which may come in contact
with it. Although contamination could potentially occur because of liner failure on the landfill,
the primary sources of surface water contamination are expected to occur' beyond the limits of
the landfill site and be carried to the pond via the storm drainage pipelines.

7.2.9 Natural Disaster

There are four basic types of natural disasters that could be experienced:

Earthquake: A major earthquake could result in structural damage to the facilities and
disruption of water, sewer, gas collection manifold, and electrical systems. Shorts in
electrical systems could potentially result in fires following the earthquake.

Severe Weather: Although structural damage to the facilities from high winds is
unlikely, strong winds could disrupt electrical service. High wind, ice, and snow
storms can create potentially hazardous working conditions at that landfill site,
especially around the detention pond. During such events, outside activities should be
limited and operations personnel alerted to the possibility of power outages.

Fire: If a fire should occur, the fire department should be called immediately, and the
fire controlled with portable extinguishers, if possible. All personnel should be
evacuated from effected areas or structures until the fire department declares the fire
out.

Flooding: The storm drainage system outlet structure is located within the floodplain
of the north fork of McSorley Creek. Personnel should verify stream condition during
periods of potential flooding to assess the likely effect that additional storm drainage

. discharge from the detention pond may have on downstream conditions and
improvements. Discharge from the detention pond should be temporarily discontinued
or reduced during periods of extreme flooding in McSorley Creek.
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7.3 EMERGENCY RESOURCES AVAILABLE

7.3.1 Security (_J

The landfill site, the motor blower/flare facility, -and the 1-5 pump station are all protected by
a 6-foot-high (minimum) chain link fence and locked access gates. The gates shall be locked
at all times when the facilities are unattended.

7.3.2 Standby Equipment . . .

All major pieces of equipment have been provided in duplicate to provide.standby capacity,
except for circumstances when the systems are operating in excess of design capacity.

The following pieces of equipment have been duplicated at the indicated locations:

o Motor Blower/Flare Facility

Motor Blowers: Three motor blowers are provided. During normal
operation only one motor blower is utilized. Therefore, two motor
blowers are in a standby mode.

Flares: Two flares are provided. During normal operation, only one flare
is utilized. Therefore, one flare is in a standby mode.

• 1-5 Pump Station

Pumps: Four submersible pumps are provided. During normal operation,
up to three pumps are utilized. Therefore, one pump is in a standby
mode.

o Gas Manifold System

Main Manifold (entering motor blower/flare facility): The main
manifold .has two pipelines bringing landfill gas into the motor blower/
flare facility. Both are used during normal operations. If one line
becomes inoperable, the gas could be routed through the one remaining
line until the second was back in service.

The above equipment, excluding the gas manifold system, is rotated periodically to provide even
wear and longer life.

7.3.3 Warning System

Warning systems are provided with major pieces of equipment to alert the operator whenever
a piece of equipment goes into an alarm condition. The system is provided with the capability
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of transferring alarms by radio telemetry to the Seattle Engineering Department's emergency
dispatcher at the St. Charles Street station during unattended periods of nighttime and weekend
operation.

7.3.4 Spare Parts Inventory

An inventory of spare parts, as recommended in the manufacturer's maintenance manual for each
piece of equipment, should be maintained at the landfill site. It is necessary to maintain that
inventory and make sure that all parts are on hand and in a specified location for any emergency
needs.

7.3.5 Safety Equipment

General safety equipment is provided by the City of Seattle. The operators and all other
personnel should be familiar with the location and use of first aid kits, landfill gas detection
equipment, self contained breathing apparatus, explosion meter, and portable oxygen deficiency
meter.

7.4 EMERGENCY RESPONSE AND NOTIFICATION PLANS

In any emergency, the basic rule is to be concerned first with the safety of the people, then with
that of the facility. .The facility operator should be doubly alert to the dangers involved in the
possible exposure to unsafe conditions. In this regard, a program should be developed to
simulate emergency conditions and appropriate counter measures. This program should be
carefully reviewed, practiced, and updated as necessary. Emergency drills will be conducted
at least semi-annually. The emergency program includes:

• Negotiation of a mutual aid agreement with other agencies and municipalities.

« Analysis of vulnerability of the facility processes and equipment to develop
priorities for equipment repair.

e Development of a preventive maintenance and personnel training program to
reduce the probability of an emergency event caused by equipment failure or
improper personnel response.

• Preparation of a plan for emergency equipment maintenance, inventory, and
acquisition program. Records should also be kept on the source of rental
equipment.

• Development of emergency response plans to aid the facility operator in an
emergency. Outlines for several emergency response plans conclude this section.

Midway Landfill 21-1550-15

O&M Manual 7-5 December 1992



This section includes outlines of emergency response plans for 'the following conditions:

« Personnel injury
<>' Power outage .
« Manifold break or landfill gas leak
• Fire
o Backflash
• Surface water contamination
e Earthquakes
» Severe cold weather

These plans should be periodically reviewed and updated as necessary.

7.4.1 Personnel Injury

A. For emergencies resulting from medical causes, call 911. Stay on the line until
the operator instructs you to hang up or until the operator hangs up.

B. For accidents resulting from falls, fire, gas explosion, drowning, etc., dial 911
for an ambulance and fire department rescue unit, immediately.

C. If qualified, render first aid. If not qualified, find someone who is.

D. Never move an injured of seriously ill person unless necessary to prevent further
injury; or if bleeding through the mouth or nose (which can cause asphyxiation). ^^^

E. All injuries, no matter how minor, should- be reported immediately to the field
supervisor of the landfill facilities.

F. Once proper medical attention is rendered, complete an accident report form and
submit it to the field supervisor.

7.4.2 Power Outage

A. Install a portable pump in the dewatering pump station as discussed in Chapter 9.

B. For a loss of power at the 1-5 pump station, no action is required. Water that
collects in the wet well will drain through the drainage system back into the
detention pond at the landfill.

C. If power is expected to be lost for more than 24 hours, install a portable
generator at the blower facility motor control center.

D. After the power outage confirm that all equipment is in operation and has not
been damaged by electrical surges, voltage drops, or single phasing (where
applicable).

Midway Landfill 21-1S50-15
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E. Remove portable pumps from pump station(s) and restart electrical equipment in
accordance with the appropriate operating procedures discussed in this manual.

7.4.3 Manifold Break or Landfill Gas Leak

A. If a manifold break or landfill gas leak is detected, first check to see that the
flares are operating within temperature limits.

B. Check the oxygen level at the flare inlet. If the flares are operating safely and
not in danger of backflashing due to high oxygen (generally greater than 10%
oxygen by volume), then the leak can be traced and possibly repaired with the
system operating. Follow steps C through E.

C. Inspect all piping between the blower feed and the manifold leg separations.

D. The affected manifold should be traced on foot and visually inspected to locate
the leak.

E. When the leak is found, a determination should be made as to whether the repairs
can be safely made with the manifold under vacuum.

F. If the leak is repairable under vacuum and there is no possibility of exposure to
landfill gas, the repairs can be made.

G. If the manifold leg must be valved off and isolated or the break is severe enough
to lose all vacuum in the manifold, then repairs can not be made until proper
precautions are taken. The damaged section of pipe must be isolated from all
extraction wells by closing the throttling valves at all wells within the pipe
section, and personnel should be equipped with fans and/or respiratory protection
as called for under the site safety plan.

H. If the system is not operable because of a severe pipe break, then the break must
be located by inspection. The damaged area should then be isolated and repairs
can be made under the procedures listed in step G above.

I. If a landfill gas leak is detected on the positive side of the blower, then the
damaged area must be isolated before repairs can be made.

7.4.4 Fire - Refuse

A. If a refuse fire is suspected because of readings taken at an extraction well or
group of wells, immediately repeat and verify those readings. If wellhead
temperatures show a rapid rise from previous readings and are higher than 110°F
in a refuse well, then the carbon monoxide levels should be measured. Carbon
monoxide should be measured with a calibrated direct readout instrument (for
example, Gastech GX 4000tm) to avoid the errors common with indicator tubes.
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B. If the carbon monoxide readings are greater than 10 parts per million (ppm), the
instrument should be checked for calibration and the readings retaken.

C. The next steps depend on the carbon monoxide levels detected in the extraction
well. The correct actions for carbon monoxide (CO) levels are as follows:

CO less than 10 ppm: Reduce well velocity by 35 % and continue to monitor the
well daily as described in Section 14.8. If temperature does not decrease
continue to check CO level and reduce well velocity by 35%. Continue this
process until wellhead readings stabilize within operating limits (see Section
14.8).

CO between 10 and 25 ppm: N

o Reduce well flow by adjusting wellhead to zero gauge pressure and
monitor temperature and CO levels at adjacent wells in all directions.

» Reduce well velocities by 50%. in all adjacent wells that have temperatures
over 90°F. '

o Continue to monitor twice daily all wells with temperatures over 100°F
and CO greater than 10 ppm.

e Visually inspect the surrounding cover and all nearby well surface seals
to find all obvious sources of air entering the landfill. f~~\

« Any cracks should be checked for the presence of landfill gas and CO to
protect personnel from exposures to landfill gas and to determine the
extent of the refuse fire.

« If landfill gas is present or suspected in the breathing zone, respiratory
protection as described in the health and safety plan should be worn.

o All potential air sources (surface cracks and bad well seals) should be
sealed or repaired to reduce air intrusion.

• Continue to monitor all suspected wells. It is important that all
monitoring data be recorded and available to field staff at all times to
allow for continuous field evaluation based on complete information.

CO greater than 25 ppm: Respond as described above for the condition of CO
between 10 and 25 ppm with the following exceptions:

» Adjust all adjacent wells to zero gauge pressure and monitor all wells
within 400 feet of the affected well. These readings should be taken twice
daily. Additional steps such as refuse excavation and/or chemical
injection may be required to control a serious or wide-spread refuse fire.
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7.4.5 Fire - Facilities

A. Call the fire department by dialing 911. Stay on the line until the operator
instructs you to hang up or until the operator hangs up.

B. If the fire is small, take immediate action with a near by fire extinguisher for the
type of fire. Do not use water on electrical fires.

C. Shut off power to the affected areas.

If the fire is at the motor blower/flare facility, isolate the landfill gas flow to the blowers and
stay clear of the facility. The propane cylinders are under pressure and could explode.

7.4.6 Backflash

A. Shut off operating equipment.

B. Check for damage to the affected piping and equipment. Look at the pipe joints,
pipe supports, and equipment.

C. Check the explosion relief valves for proper seating.

D. Following verification of the system integrity, start the system and inspect the
equipment and piping while in operation (see Chapter 15).

E. Check the pressure differential across the flame arrester. A high pressure
differential indicates that the element is either damaged or dirty.

7.4.7 Surface Water Contamination

A. If the source of contamination is located on the landfill site and can easily be
identified and contained or diverted away from the surface water collection
system, isolate the source and collect water in tanker trucks, if possible.

B. Notify the site manager of the problem and proposed corrective actions. Discuss
the procedures and methods for proper disposal of contaminated water.

C. If water quality parameters are exceeded at the outfall structure, close the
detention pond discharge valve (see Chapter 8).

D. Monitor field parameters at pond inlets .to determine the source of the
contamination.

E. Correct the problem at its source. Notify the site manager when the problem is
corrected and. that discharge from the site can be resumed.
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7.4.8 Earthquakes o
A. Do not move during an earthquake, except to crawl under something sturdy or

stand in a doorway.
\

B. Watch for power outages or electrical short circuiting and be prepared to cut the
power supply to the affected area and to bypass damaged equipment.

C. Shut off propane gas at the cylinder valves.

D. Take precautions regarding fires.

E. After tremors have ceased and the facilities are safe for entry, inspect all
structures, piping, and electrical equipment for damage. The detention pond and
stormwater pipeline systems should be checked for subsidence or other damage.

7.4.9 Severe Weather

A. Drain wash down hoses, hose bibs, and hydrants that are not freeze protected.

B. Check all outdoor pipes for drainage or insulation.

C. Make sure adequate temperatures are maintained in the pump stations, control
rooms, and the motor blower/flare facility control room. ^\

D. Make sure that ice is not forming in the landfill gas collection manifold,
condensate collection system, surface drainage culvert inlets,'detention pond inlet
structures, or the pond outlet structure.

E. Outside activities should be restricted or temporarily suspended.

7.5 ALARMS

Alarm systems have been set up to give the facility operator visual information. The alarm lights
and alarm horns are located at both pump stations and inside of and outside of the control
building at the motor blowerVflare facility. An alarm panel for each of these facilities is also
located at the Charles Street Station, where remote alarm signals are received by radio telemetry
when operators are not present at the facilities. An alarm will activate whenever a piece of
equipment goes into an alarm condition. The operator must acknowledge the alarm by pressing
the reset button. If the equipment is still in the alarm condition after having been acknowledged
or silenced, the alarm light will remain on until the condition is corrected.

Specific information on alarm conditions and operations can be found within the individual
chapters covering the systems that have alarms. For example, Chapter 10 describes the 1-5
pump station.
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7.6 EMERGENCY CONTACTS

Emergency contacts and their telephone numbers are listed in Table 7-1. This listing must be
posted in each work area and must be kept current at all times.

Table 7-1
Emergency Notification List

Contact Telephone

Police Department
EMERGENCIES ONLY

Fire Department
EMERGENCIES ONLY

Ambulance

Hospitals
Valley Medical Center
Auburn General Hospital

Poison Control Center

Department of Ecology
Regional Office and 24-Hour Spill Hotline

Utilities
Power - Puget Sound Power & Light
Sewer - Midway Sewer District
Water - Highline Water District

859-3315
911-

859-3322
911

911

228-3450
833-7711

526-2121

1-206-649-7000

1-800-553-6193
824-4960
824-0375
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OPERATOR NOTES AND COMMENTS
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8. SURFACE WATER DRAINAGE AND DETENTION POND

8.1 DESCRIPTION

This chapter discusses the surface water collection, conveyance, detention, and discharge
systems which serve the Midway Landfill. Discussions in this chapter focus on the operation
and maintenance of these systems, their operation under emergency conditions, and required
recordkeeping procedures.

The major components of these systems include:

o On-Site Drainage Systems
o Detention Pond
» Pipelines and Flow Control Systems

8.1.1 On-Site Drainage Systems

Surface water runoff from the landfill is collected in perimeter ditches. Ditches are located at
the base of finished slopes, along roads and at swales. Ditches are lined with rock and grass
to reduce potential surface erosion. Runoff collected within these ditches is then routed under
the access road through culverts and into the detention pond through a concrete inlet flume.

Surface water that infiltrates through the cover soils will be transported by the drainage layer
to subsurface underdrain pipes. The pipes are 4-, 6-, and 8-inch diameter perforated PVC
surrounded by washed gravel. Geotextile prevents the overlying layer from intruding into the
washed gravel. Cleanouts are provided along the length of the underdrain pipes. A detail of
an underdrain pipe and cleanout is shown in Figure 8-1.

8.1.2 Detention Pond

The detention pond is located adjacent to the northern perimeter of the landfill. Its purpose is
to detain surface water runoff collected from the landfill and adjacent collection systems. The
detention pond provides a controlled release of this stored runoff through its outlet control
structure to reduce potential impacts on the downstream discharge pipeline system and fisheries
habitat in McSorley Creek. The detention ponds primary components include inlet structures,
a flexible membrane liner system, a subsurface dewatering system, a pump .station for the
dewatering system, and an outlet control structure. These components are shown in Figure 8-2.

The flexible membrane pond liner system, shown in Figure 8-3, consists of a 60 mil high density
polyethylene (HDPE) liner installed over a polyethylene drainage net and geotextile filter fabric
placed on pit run sand. Along the southerly side slope of the pond, the liner is installed directly
upon the pit run sand. The entire liner is overlain with 1.5 feet of compacted gravel backfill,

Midway Land/ill ' 21-1550-15
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IWSfmî . Limits 'ot'MenArane'"f^^^^^^j^fS^^
m l̂ffi;::!:?!!!!!. Liner system fjypical)g;;;;::̂

From Highway 99
Collection System

:^— -̂.. El. 330.50:. : . : . : • . ; . • • . .•;. • ::y-:.:', •. ..• ."• •.;.:?•••-:,•-.•:.../.-.•:; "•;/ •'...* v • • " - . . .":: :.:.: ,.••"" :•;-:-.;.v,:. -" • '••';• '.:.. •;.-":." • • . " ';Y.

^^TvO:. •.•.-.; Concrete Outlet : ;' •.-"•::•'•.. ,• •'"..':-.'.:': ".;••;..• ••'•'.'•',: :•.•;'•':.'/:.;y.i. -:. • '• '••: '" ' ' ' "'. . ... ••• :"":: ".'• :' •• ' '£• ' • • ••'•'•"•'•':'.':':' ".' • '• • • ' • •-. '

Flow Control Structure
See Figure 8-5.

Limits of Membrane Liner
without Drainage Net

PSD

Concrete Inlet
Structure

36"0 Outlet Pipeline

To Discharge Outlet at
McSorley Creek

Manhole E-2

From 1-5
Collection System

Midway Landfill

I SCALE IN FEET

80

® Pressure Relief Well

O Manhole

9 Cleanout

B Pump Station

6" PVC Perforated French Drain

6' PVC Perforated Slope Drain

_____ 6" PVC Perforated Collector Sump

_- — -_• 6" Collector Pipe

• •— 8" Sanitary Sewer

Concrete Storm Drain (PSD)

Figure 8-2.
Storm Drain
Detention Pond



Perimeter Road

Anchor Trench

Detail

360 -
Midway
Landfill

6 Inch Thick
Quarry Spalls.

Grass Over 6-lnches
of Top Soil -

• 1.5 Feet of Compacted
Backfill

Compacted
Subgrade

• Membrane Liner
System (60 Mil. HOPE,
Drainage Net,Filler
Fabric)

20 Feet

r s Perimeter
i Roadway
1 '

• Paver Blocks

—339 Feet—100 Year Storm
—337 Feet—25 Year Storm

—333 Feet—2 Year Storm
Slope Varies

330 -

Slope Varies
•Membrane
Liner 'System
on Prepared
Subgrade

Slope Varies 2:1-3:1

Horizontal Scale: 1 Inch = 40 Feet
Vertical Scale: 1 Inch = 20 Feet

Figure 8-3.
Detention Pond
Typical Section



with the sides slopes having an additional 0.5 feet of rock lining. The bottom of the pond is
covered with soil and grass. Paver blocks are installed along the centerline of the pond to
support maintenance vehicles.

At locations where pipes, flumes, clean-outs and other structures penetrate the synthetic
membrane liner, sealing boot sleeves are installed to maintain the containment qualities of the
liner. Wherever the liner is anchored to concrete flumes, collars and other structures, the
anchor bolts are covered with geotextile fabric to protect overlapping portions of the liner from
sharp edges of washers and bolts.

A slope drain is installed adjacent to and uphill of the detention pond perimeter road along the
westerly, northerly and easterly cut slopes. Perched ground water is collected and conveyed
through a 6-inch-diameter perforated PVC collection pipe and is. discharged to a storm manhole
located near the southeast corner of the detention pond. Concrete storm drain pipes then convey
the water into the detention pond.

Under the northern half of the detention pond a dewatering and pressure relief system is installed
to control the static groundwater level. A "French Drain" system containing perforated PVC
pipe collects and conveys groundwater to a pump station at the northern edge of the pond. The
water is then pumped upslope through a 4-inch-diameter force main to a sanitary sewer system.
These flows are measured through a turbine meter assembly located adjacent to the pump station.
Cleanouts have been provided for the collection system as detailed in Figure 8-1.

8.1.3 Pipeline and Flow Control System

Surface water runoff is conveyed to and discharged from the detention pond through a system
of storm drain pipelines and ditches. Discharge of stormwater from the detention pond is
regulated by a flow control structure located near the southwest corner of the pond.

8.1.3.1 Flow Control Structures

The rate at which the runoff water is discharged from the detention pond is determined by the
depth of water in the pond. As water within the pond and outlet structure builds up, it flows
through the flow control structure which consists of a pre-cast 10-foot-diameter concrete manhole
containing the flow control device and associated hardware. A detail of the control structure is
provided in Figure 8-4. The flow control device and connection are constructed of a 36-inch-
diameter steel pipe cross with a blind flange orifice plate, containing two openings, and an
orifice separation plate. Also .included in the flow control structure are two knife gate valves,
a transition coupling pipe connection, a vent pipe and access door.

1

A flow control structure has also been provided along the west side of Highway 9.9 (Figure 8-5).
Surface water is routed into the control structure. Three cubic feet per second (cfs) are allowed
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to continue along Highway 99 and into the wetland area. When surface water flow is greater
than 3 cfs, the excess water is diverted through the control structure into the storm drainage
collection pipeline to the on-site detention pond.

8.1.3.2 Pipeline and Manholes

The storm drainage collection and discharge pipeline systems for surface water runoff are
composed of reinforced concrete and ductile iron pipe of varying lengths and diameters. An
inventory of these pipelines is provided in Table 8-1.

Table 8-1
Storm Drainage Pipeline Inventory

Pipe Size (inches)

12

12

16

24

24

30

36

Pipe Material

Concrete

Ductile Iron

Ductile Iron

Ductile Iron

Concrete

Concrete

Concrete

TOTAL

Length (feet)

265

48

505

75

4,040

521

2,569

8,023

The purpose of the pipeline system is to route stormwater from off-site sources located east of
1-5 in the Linda Heights residential area and along Highway 99 into the landfill's detention pond.
The pipelines which collect and convey the surface water runoff to the detention pond are
referred to as collection pipelines and are called out on the figures as pipeline storm drain
(PSD). The general location of the collection pipeline system is shown in Figure 8-6.

i

In addition to the collection pipeline, a discharge pipeline also exists to carry stormwater from
the detention pond to a discharge point located on McSorley Creek, west of the landfill site. A
baffled outlet structure is located at the downstream end of the discharge pipeline system and
is designed to reduce the velocity of flow as it exits the contained system (Figure 8-7). The
structure is reinforced concrete with an aluminum grate which has been provided to restrict
access to the interior of the structure. The location of the discharge pipeline system and the
baffled outlet structure is shown in Figure 8-6.
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Manholes and catch basins are installed along the collection and discharge pipelines at surface
water collection points, vertical grade breaks, and horizontal changes. Table 8-2 identifies
manholes located within the system by size, type, and inlet and outlet pipe sizes.

8.2 NORMAL OPERATION

Under normal operating conditions, the surface water drainage system operates automatically as
a function of gravity. Surface water collected from the landfill surface, as well as that runoff
collected within the off-site collection systems, flows into the detention pond where it is stored.
This water is slowly released through the outlet control structure into .the discharge pipeline,
where it is conveyed and ultimately discharged through the baffled outlet structure into McSorley
Creek.

The following section briefly describes these operations and special considerations which the
operator should bear in mind during the operation of the system.

8.2.1 On-Site Drainage

• Inspect drainage collection ditches for erosion and/or sedimentation buildup.
Perform necessary repairs or maintenance in accordance with Section 8.3.

• Inspect ditches and culverts and remove debris or other obstructions which may
impact flow.

• Inspect underdrains at the cleanout and outlet locations to check for signs of
damage, clogging, etc.

Midway Landfill 21-1550-15
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Table 8-2
Pipeline System Manholes

Manhole No.

On-Site Collection

MH 1
MH2
MHE-1
MHE-2

Manhole
Type

System:

202B
202A
202B
202B

Manhole Size
(feet)

6
6
6
6

Inlet Pipe Size
(inches)

30
30
36

6, 36

Outlet Pipe Size
(inches)

30
30
36
36

Highway 99 Collection System:

MH20
MH21
MH22

1-5 East Collection

• . MH E-3
MHE-4
MHE-5
MHE-6

On-Site Discharge

MH 19
MH20
MH21
MH22

Off-Site Discharge

MH 1
MH2
MH3'
MH4
MH5
MH6
MH7

. MH8
MH9
MH 10
MH 11
MH 12
MH 13
MH14
MH 15
MH 16
MH 17
MH 18
MH 19

Midway Landfill
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202B
202B
202B

System:

202A
201A
20 IB
20 IB

System:

202A
202A
202A
205

System:

201 A
201 A
201A
201B
201A
201A
20 IB
20 IB
201A
201 A
201A
201 A
201 A
201A
202B
202A
202A
202A
202A

6
• 4

6

6
4.5
4.5
4.5

6
6
6

10

4.5
4.5
4.5
4.5
4.5.
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
6
6
6
6
6

8-12

12, 24
12

12, 12

36
24
24
24

36
36
36
36

24
24
24
24
24
24
24
24
24
24

- 24
24
24
24
36
36
36
36
36

30
12, 12

24

24
24
24
24

36
36
36
36

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
36
36
36
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8.2.2 Detention Pond

• Inspect pond side slopes and inlets for erosion. Perform necessary repairs or
maintenance in accordance with Section 8.3.

• Inspect inlets to pond and remove sedimentation, debris or other obstructions
which may impact flow.

• Inspect the trashrack and pond outlet (Figure 8-8) and remove any debris or
obstructions which may cause plugging monthly and after storms.

• Check the dewatering pump station and flow meter vault for correct operation in
accordance with Chapter 9.

• Check dewatering system cleanout covers to ensure a tight, secure fit with the
frame assembly.

8.2.3 Pipeline and Flow Control Systems

8.2.3.1 How Control Structure

• Knife gate valves located inside the outlet control structure should be set as
follows (Figure 8-4):

> Open knife gate valve KGV-36-1

> Close knife gate valve KGV-36-2

Note: Access to the operating nuts for these valves is through a cast iron valve
box in the structure lid. Both knife gates are operated by turning the 2-inch-
square nut with the operating wrench.

• Inspect and remove all debris from inside the flow control structure which may
impact flow.

8.2.3.2 Storm Drain Pipelines and Manholes

• Inspect manholes and remove all rocks, sediment, and other debris. Refer to the
Midway Landfill Site Safety Plan for confined space entry program before
attempting to enter a manhole.

• Check all manhole covers to ensure a tight, secure fit with the frame assembly.

8.2.3.3 Underdrain Pipelines

• Inspect meter boxes at cleanout locations to ensure they are properly set at grade
and that all sediment and other debris is removed.

c Check underdrain cleanouts (Figure 8-1) to ensure a tight fit.

Midway Landfill 21-1S50-15
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Trashrack

Plan

l"0 Storm Drain

Bottom of Pond
El. 330.50

Elevation

Figure 8-8.
Pond Outlet Structure



8.2.3.4 McSorley Creek Outlet Structure and Check Dam

• Remove sediment, debris and other obstructions to ensure uninterrupted flow of
discharge water.

o Inspect check dam and remove debris or sediment which may impact flow.

8.3 ROUTINE MAINTENANCE

8.3.1 General

Routine maintenance of the surface water drainage system and detention pond is required to keep
the system in good operating condition. Serious health and environmental hazards, as well as
extensive property damage, can result from surface water infiltrating into the landfill or from
storm drain pipes which surcharge as a result of backups and overflows within the drainage
system.

8.3.1.1 Preventive and Corrective Maintenance

Preventive maintenance consists of the inspection of the system and the development of a data
base that provides maintenance personnel a past history of trouble areas. This gives maintenance
crews some guidance to the locations and frequency of preventative maintenance and to the types
of preventative maintenance which would be most effective. It includes the activities performed
to prevent repairs or problems.

Corrective maintenance may be referred to as demand or emergency maintenance or repair as
it is performed as a result of a problem. Corrective maintenance consists of the repair of a
broken item. Corrective maintenance is a repair item which requires immediate action to correct
the problem for return to normal operation.

Table 8-3 provides a listing of preventive maintenance activities for the drainage system
components. This table identifies maintenance conditions, states when required maintenance
should be performed, and provides a suggested frequency of when the system component should
be inspected for maintenance.

CAUTION: Because the slopes at the McSorley Creek outlet structure are steep and
slippery, it is recommended that personnel use a lifeline when performing
inspections or maintenance at this location.

Midway Landfill 21-1550-15
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Table 8-3
Maintenance/Inspection Schedule

for Surface Water Management Facilities

System
Component

Defect Inspection
Frequency

Conditions When
Maintenance is Needed

Maintenance Required
and Results Expected

Surface Drainage

Open Ditches

Pipes and
Culverts
(includes outlets
and cleanouts)

Trash & Debris

Sediment

Vegetation

Erosion Damage to
Slopes

Rock Lining out of
Place or Missing (if
applicable)

Sediment & Debris

Vegetation

Damaged

Once every
year

Once every
two years

Once every
two years

Once per
year

Once every
five years

Once every
two years
with the TV

Once every
two years

Once every
five years

Trash and debris
exceeds 1 cubic foot
per 1,000 square feet
of ditch and slopes.

Accumulated sediment
that exceeds 20 % of
the design depth.

Vegetation that reduces
free movement of
water through ditches.

When any visible signs
of erosion are detected.

Maintenance person
can see native soil
beneath rock lining.

TV shows accumulated
sediment that exceeds
20% of the diameter of
the pipe.

Vegetation that reduces
free movement of
water through pipes.

Protective coating is
damaged; rust is
causing deterioration to
any part of pipe.

Trash and debris
cleared from ditches.

Clean/flush ditch of all
sediment and debris so
that it matches design.

Cut or mow grass/pull
weeds to allow water
to flow freely through
ditches.

Fill with gravel base
material or quarry
spalls to stop erosion.

Replace rocks as
shown on design plans.

Clean pipe of all
sediment and debris.

Remove all vegetation
so water flows freely
through pipes.

Repair, replace or re-
coat pipe. /

Any dent that decreases
the end area by more
than 20%.

Repair or replace pipe.

o

o
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Table 8-3 (cont)
Maintenance/Inspection Schedule

for Surface Water Management Facilities

System Defect
Component

Inspection
Frequency

Conditions When
Maintenance is Needed

Maintenance Required
and Results Expected

Detention Pond

Side Slopes Erosion

Vegetation

Storage Area Sediment

Pond Dikes Settlements

Synthetic Liner Exposed and/or
Tom

As
Conditions
Dictate

As
Conditions
Dictate

Once every
two years

As
Conditions
Dictate

As
Conditions
Dictate

Eroded damage over 2
inches deep where
cause of damage is still
present or where there
is potential for
continued erosion.

Large weeds present.

Accumulated sediment
that exceeds 10 % of
the design pond depth.

Any part of dike which
has settled 4 inches
lower than the design
elevation.

Synthetic membrane
liner has been exposed
and/or torn to any

Stabilize slopes by
using appropriate
erosion control
measure(s); e.g., rock
reinforcement, planting
of grass, or .
compaction.

Remove large weeds. •

Cleanout sediment to
approximate pond
shape and depth; re-
.seed pond if necessary
to control erosion.

Build dike to the
design elevation.

Patch liner using a
piece of 60 mil HDPE
material that is 3

degree. inches larger in all
directions than the area
to be patched. Fillet
weld patches with
molten HDPE
extrusion material.
Cover exposed area to
design depth.

Dewatering
Pipes

Paver Blocks

Pond

.Midway LandfU
O&M Manual

Sediment and Debris Once every
year with
the TV

Damaged Once every
year

Debris Once every
year

i

8-17

TV shows accumulated
sediment that exceeds
20% of the diameter of
the pipe.

When blocks are
cracked.

When debris is noted
in the pond.

Clean pipe of all
sediment and debris
using conventional
sewer cleaning
methods.

Replace damaged
blocks.

Clean the pond of all
debris.
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Table 8-3 (cont)
Maintenance/Inspection Schedule

for Surface Water Management Facilities o
System
Component

Defect Inspection Conditions When
Frequency Maintenance is Needed

Maintenance Required
and Results Expected

Flow Control Structure

Control Structure Trash & Debris
(includes sediment)

Structural Damage

Knife Gate Damaged or Missing

Once every
year

Once every
twenty years

Orifice Plate Damaged or Missing

Once every
twenty years

Once every
ten years

Once every
twenty years

Once every
ten years

Once every
twenty years

Once every
twenty years

Distance between
debris build-up and
bottom of orifice plate
is less than 1.5 feet.

Structure is not
securely attached to
manhole wall and
outlet pipe structure
should support at least
1,000 pounds of up or
down pressure.

Structure is not in
upright position (allow
up to 10% from
plumb).

Connections to outlet
pipe are not watertight
and show signs of rust.

Any holes - other than
designed holes - in
structure.

Knife gate is not
watertight or is
missing.

Gate is rusted over
50% of its surface
area.

Control device is not
working properly due
to missing, out of
place, or bent orifice
plate.

Remove all trash and
debris.

Attach structure
securely to pipe.

Re-align structure to
plumb.

Repair or replace
connections to outlet
pipe and make
watertight and work as
designed.

Repair holes in
structure.

Repair/replace knife
gate and make
watertight and work as
designed.

Repair/replace to meet
design standards.

Repair/replace plate to
work as designed.

O
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Table 8-3 (cont)
Maintenance/Inspection Schedule

for Surface Water Management Facilities

System
Component

Defect Inspection
Frequency

Conditions When
Maintenance is Needed

Maintenance Required
and Results Expected

Flow Control Structure (cont)

Valves and
Other Moveable
Objects

Stuck

Obstructions

Overflow Pipe Obstructions

Manhole
Structure

Cover Difficult to
Lift

Twice per
year

Once every
year

Once every
year

Once every
year

Plugged Air Vents Once every
year

Valves or other
moveable objects don't
move.

Any trash, debris,
sediment, or vegetation
blocking the plate.

Any trash or debris
blocking (or having the
potential of blocking)
the overflow pipe.

One maintenance
person cannot open lid
after applying 80
pounds of lift. Intent
is to keep cover from
sealing off access to
maintenance.

One half of end area of
a vent is blocked at
any point with debris
and sediment.

Repair as required.

Free plate of all
obstructions, check
operation.

Free pipe of all
obstructions to work as
designed.

Repair lid to allow
opening by on
maintenance person.

Free vents of
debris/sediment.
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Table 8-3 (cont)
Maintenance/Inspection Schedule

for Surface Water Management Facilities O
System
Component

Defect Inspection Conditions When Maintenance Required
Frequency Maintenance is Needed and Results Expected

Manholes

Manhole Trash/Debris
(includes sediment)

Twice per
year

Structural Damage
to Frame and/or Top
Slab

Cracks in Manhole
Walls/Bottom

Twice per
year

Twice per
year

Twice per
year

Once every
50 years

Once every
50 years

Once every
20 years

Trash or debris (in the
basin) that exceeds 1/3
the depth from the
bottom of basin to
invert of the lowest
pipe into or out of the
basin.

Trash or debris in any
inlet or outlet pipe
blocking more than 1/3
of its height.

Dead animals or
vegetation that could
generate odors or
dangerous gases (e.g.,
methane)

Deposits of garbage
exceeding 1 cubic foot
in volume.

Top slab has holes
larger than 2 square
inches or cracks wider
than 1/4 inch.

Frame not sitting flush
on top slab, i.e.
separation of more than
3/4 inch of the frame
from the top slab.

Cracks wider than 1/2
inch and longer than 3
feet, any evidence of
soil particles entering
manhole through
cracks, or maintenance
person judges that
structure is unsound.

Remove all trash or
debris.

Free inlet and outlet
pipes of trash or
debris.

Remove all dead
animals or vegetation
present within the
manhole.

Clean condition which
would attract or
support the breeding of
insects or rodents.

Repair holes or cracks
in top slab.

Repair frame to sit
flush on top slab

Replace/repair
manhole to design
standards.

O
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Table 8-3 (cont)
Maintenance/Inspection Schedule

for Surface Water Management Facilities

System
Component

Defect Inspection Conditions When
Frequency Maintenance is Needed

Maintenance Required
and Results Expected

Manholes (cont)

Manhole (cont) Cracks in Manhole
Walls/Bottom (cont)

Settlement/
Misalignment

Fire Hazard

Vegetation

Pollution

Cover Not in Place

Locking mechanism
not working

Ladder Rungs
Unsafe

Once every
20 years

Once every
20 years

Once per
year

Once per
year

Once per
year

As
conditions
indicate

Once per
year

Once every
ten years

Cracks wider than 1/2
inch and longer than 1
foot at the joint of any
inlet/outlet pipe or
evidence of soil
particles entering
manhole through
cracks.

Manhole has settled
more than 1 inch or
has rotated more than 2
inches out of
alignment.

Presence of chemicals
such as natural gas,
oil, and gasoline which
create hazard.

Vegetation growing in
inlet/outlet pipe joints!.

Non-flammable
chemicals present.

Cover is missing or
only partially in place.

Mechanism cannot be
opened by one
maintenance person
with proper tools.
Bolts into frame have
less than 1/2 inch of
thread.

Maintenance person
judges that the ladder
is unsafe due to
missing rungs,
misalignment, rust,
racks, or sharp edges.

Repair cracks to where
cracks are no more
than 1/4 inch wide at
the joint of inlet/outlet
pipe.

Replace/repair
manhole to design
standards.

Remove or store all
flammable chemicals
present per
recommended practice.

Remove all vegetation
and root growth.

Remove all pollution
present other than
surface film.

Replace or reset
manhole cover.

Repair mechanism so
that it opens.

Repair ladder to meet
design standards.
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Table 8-3 (cont)
Maintenance/Inspection Schedule

for Surface Water Management Facilities o
System Defect
Component

Inspection
Frequency

Conditions When
Maintenance is Needed

Maintenance Required
and Results Expected

McSorley Creek Outlet Structure

Rock Pad Missing or Moved
Rock

Once every
5 years

Only one layer of rock
exists above native soil

Replace rocks to
design standard.

Metal Grate

Internal
Chamber

Trash & Debris

Damaged/missing
bars

Worn or Damaged
Baffles, Sides of
Chamber

Once or
twice per
year

Once every
5 years

Once every
20 years

in area five square feet
or larger, or any
exposure of native soil.

Trash or debris is
plugging more than
20 % of the openings in
the grate.

Bars are bent out of
shape more than three
inches.

Structure dissipating
flow deteriorates to 1/2
of original size or any
concentrated worn spot
exceeding one square
foot which would make
structure unsound.

Clear grate.

Repair bars to design
standards.

Replace structure to
design standards.

O
Ditch

Check Dam

Hillside and
Stream Banks

Erosion

Debris

Erosion

Once per
year

Once per
year

Once per
year

When any visible signs
of erosion are detected.

When debris reaches
one-half the height of
the dam.

When erosion is
detected.

Fill with gravel base
or quarry spalls to stop
erosion.

Remove debris.

Add riprap as required
to prevent erosion.

8.4 OPERATION

Emergency conditions require changes in the normal operation of the surface water drainage
system. Emergency, conditions which may occur during the operation of the system include:

/
o Water surcharging under the pond's liner system as a result of dewatering system

failure. Failure to respond to this condition may result in damage to the liner.

• Surface water contamination. Discharge of contaminated water creates potential
health risks to nearby residents and the environment.
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• Overtopping of the lined detention pond. This condition provides the potential
for flooding of the landfill, adjacent properties, and the dewatering pump station
electrical controls. Therefore, the pond level should be closely monitored.

8.4.1 Surcharging of Liner System

Surcharging of groundwater beneath the detention pond's membrane liner system would likely
be caused by a failure of the dewatering pump station or a related system. The.operator would
detect this condition by an increased water level in the pump station wet well, or in an extreme
condition, by an uplifting (bulge) of the pond bottom or side slopes. When these conditions are
detected .the operator should refer.to Chapter 9 of this manual for proper response procedures.

8.4.2 Surface Water Contamination

Contamination detected in surface water runoff may be detected in runoff stored in the detention
pond. The source of the contamination need not necessarily be located at the landfill site. Off-
site chemical spills could go undetected and enter into the collection system where it would be
carried to the pond and later detected.

The identification of contaminated surface water may occur by the operator noticing an oil slick
on the pond surface or through the course of routine water quality monitoring. Should
contamination be detected the operator should follow the following emergency procedures:

• Close knife gate valve KGV-36-1 located in the flow control structure.

• Notify the Field Supervisor.

• Notify proper contamination response authorities (Chapter 7).

• Provide a pump truck to maintain normal water levels in pond.

• Determine source of contamination and take necessary actions to stop further
contamination of surface water.

• Cleanup or remove contaminated runoff.

o Open knife gate valves KGV-36-1 to allow for normal release.

8.4.3 Overtopping of Detention Pond

The buildup of water within the pond above normally experienced water levels may be caused
by several reasons.
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A. Obstructions in the discharge pipeline which restrict the flows .leaving the
detention pond. /""̂

B. Plugged or partially blocked orifice openings on the outlet control structure.

C. Debris or obstructions on the trashrack or pond outlet.

D. A storm frequency which exceeds that of 100 years and results in a surface water
runoff quantity which exceeds the detention ponds design capacity.

When an increased water level is experienced in the pond the operator(s) should investigate to
determine the cause of the problem so that the proper course of action can be taken. These
causes can be determined by using the troubleshooting guide provided in this chapter.

Once the cause is known the operator should then implement the proper course of action
necessary to prevent an emergency situation from developing. The following is a description
of emergency procedures which should be followed under the various described conditions.

Plugged Discharge Pipeline

• Open knife gate valve KGV-36-2 in the flow control structure. The opening of
this valve may create enough flushing action to dislodge foreign material caught
in the pipeline.

n•> Close knife gate valves KGV-36-1 & KGV-36-2 in flow control structure to stop v_y
pond discharge.

o Use pump trucks to lower pond water levels, as necessary, if blockage doesn't
clear.

o Identify area of the blockage and take proper actions to correct the problem.

• Open knife gate valve KGV-36-1.

Plugged or Blocked Orifice Openings

Open knife gate valve KGV-36-2.

o Use pump trucks to lower pond water levels, as necessary for access to orifice,

o Remove blockages or obstructions from pond outlet flow control structure.

« ' Close knife gate valve KGV-36-2.
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Debris or Obstructions on Trashrack/Pond Outlet

• Use pumps and direct discharge to discharge pipeline or use pump trucks to lower
pond water levels.

« Remove debris from trashrack/pond outlet.

Storm Frequency Greater than 100 Years

« The pond outlet flow control structure is equipped with an overflow. In the event
that the overflow is not capable of passing sufficient water quantities necessary
to maintain lower water levels within the pond, open knife gate valve KGV-36-2
to provide for additional release of runoff water.

8.5 TROUBLESHOOTING

This section has been provided to help the operator in identifying and solving operation and
maintenance problems. Table 8-4 lists common operation and maintenance problems for the
surface water drainage and detention systems, their probable causes, and control and prevention
techniques.
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Table 8-4
Troubleshooting Guide

for
the Surface Water Drainage and Detention Systems

o

Indicators/ Observations Probable Cause Solutions

Gravity pipelines plugged
- manholes surcharge or
overflow.

Intermittent flow or
surging during heavy
rainfall.

Detention pond outlet
plugged - water levels
backup in pond

Runoff water won't flow
in collection ditches

Obstructions in pipe
blocking or causing
an impediment in
the flow. Low
velocity caused
debris such as
rocks, sediments,
sticks, etc. to build
up in pipe.

Infiltration of
groundwater
through cracked or
broken pipes.

a. Debris on
trashrack which
restricts flow.

b. Obstructions in
discharge pipeline
which impede flow.

c. Debris on flow
control structure
which restrict or
impede flow.

Obstructions or
sediment'in the
ditch block the
gravity flow of
runoff.

Routinely check and clean areas which
experience low flow or are on flat
grade.

Inspect for and repair broken lines.

a. Routinely check and clean trashrack
and pond outlet.

b. Clean pipeline.

c. Routinely check and clean outlet
structure and flow control orifices of
debris, sediment, etc.

Routinely check ditches and remove
obstructions which may impede flow
and remove sediment which has
accumulated in the ditches.

O
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Table 8-4 (cont)
Troubleshooting Guide

for
The Surface Water Drainage and Detention Systems

Indicators/ Observations Probable Cause Solutions

Runoff water backs up
behind culvert, inlets

Poor discharge water
quality

Insect Generation

Sediment or debris
create a restriction
which causes the
water to backup.

a. Excessive oil
accumulation in
pond flow control
structure.

b. Blockage of light
in detention pond by
excessive plant
growth.

c. Contaminated
surface water
runoff.

Excessive plant
growth.

a. Remove sediment or debris from
inlet to. pipe.

b. Remove sediment or. debris in pipe.

a. Routinely inspect control manhole
for oil buildup and clean as necessary.

b. Remove plant growth at regular
intervals from pond surface.

c. Determine sources of runoff
contamination and implement measures
to stop further contamination.

Remove excessive plant growth or
apply insecticides.

8.6 RECORDS AND RECORDKEEPING

Maintenance and costs records should be kept for all services required for the surface water
drainage system. Service records are essential for calculating operating costs, determining
budget requirements, preparing maintenance schedules, and for scheduling repairs.
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OPERATOR NOTES AND COMMENTS
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9. DEWATERING PUMP STATION

9.1 DESCRIPTION

This chapter discusses the dewatering pump station and flow metering equipment, which
functions to remove groundwater from beneath the stormwater detention pond. Discussions in
this chapter focus on the operation and maintenance of these facilities, including operation under
emergency conditions, and recordkeeping procedures.

Major components of this system, as shown in Figure 8-3, include:

• Dewatering Pump Station
• Flow Metering Vault
• Force Main Discharge Pipeline

9.1.1 Dewatering Pump Station

The pump station facilities shown in Figure 9-1 consist of wet well and a duplex submersible
pumping system.

9.1.1.1 Pumps

The pumps are vertical, non-clog, submersible effluent type with a rated capacity of 100 (gpm)
at a total dynamic head (TDK) of 30 feet each. Each pump is powered by a 3,450 RPM,
constant speed, 1 horsepower, 230 volt, single phase, 60 cycle alternating current motor. The
pumps are a Hydromatic Model #SPD100H and are capable of handling solids with a 3/4-inch
maximum diameter.

9.1.1.2 Piping and Valves

Each submersible pump discharge pipe is fitted with a 2-inch check valve (CV-2-1, CV-2-2) and
a 3-inch check valve (CV-3-1, CV-3-2), both which are contained in the wet well. A 3-inch
gate valve (GV-3-1, GV-3-2) is located outside the wet well in a concrete valve vault.

9.1.1.3 Wet Well

The pump station wet well consists of a pre-cast concrete manhole. It has a 6-foot inside
diameter, is 20 feet 8 inches in depth and has a capacity of 211 gallons per foot of depth.

9.1.1.4 Pump Control System

Adjustable mercury float switches are used to activate and deactivate the pumps in the automatic
mode of operation. The mercury float switches are encapsulated in a smooth, pear-shaped
chemical resistant polypropylene casing. One switch is used for each of the following system
functions (OFF, LEAD PUMP ON, LAG PUMP ON, HIGH LEVEL ALARM). Float switches
suggested setting are listed in Table 9-1.
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Vent Pipe

Submersible Pump
(2 Places)

6"0 Perf Drain

1Vi*0 Guide
Rail System

Control Panel

To Sewage
Collection System

^wm

3"0 Gate Valve
(GV-3-1.GV-3-2)

3"0 Check Valve
(CV-3-1, CV-3-2)

Pump Guide Rails

High Water Alarm El. 330.0

Manhole Steps

Collector Drain

"I.E. 327.0

2nd Pump On El. 329.0

Roat Switches
(4 Places)

3"0 Discharge Pipe

1st Pump on El. 323.0

2"0 Check Valve
(CV-2-1, CV-2-2)

Pumps Off El. 319.0

Submersible Pump
(Typical of 2)
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Table 9-1
Suggested Float Control Switches Setting

Heights from Top of West
Switch Function Water Elevation Well (Feet)1

Pumps Off 319.0 21.0

Lead Pump On 323.0 17.0

Lag Pump On 329.0 11.0

High Water Level 330.0 10.0 '
1 Distance is measured from top of wet well (Elev. 340.0) to bottom of weight on cord

immediately above the float switch.

9.1.1.5 Instrumentation and Control

Pump Selection Switches

The pumps are controlled by HAND-OFF-AUTO selector switches on the control panel inside
the control panel. In the HAND setting, the pump will run continuously until the selector switch
is turned to OFF or AUTO. In the AUTO position the pumps will be controlled by the float
switches in the wet well. See Section 9.3 pump station normal operation for a description of
the automatic operation, of the system. The OFF position shuts off control voltage.

CAUTION: The main power is still present at panel and pumps until the main breaker
switch is turned off.

Automatic Lead/Lag Pump Alternator

The automatic lead/lag submersible pump alternator is controlled by a relay in the control panel.
When the lead pump operation is stopped by the pumps OFF switch the alternating relay will
index so the lag pump will start on next operation. The function of this system is to provide
even wear on the pumps, so at anytime the elapsed hour time meter on the control panel should
indicate about the same operating time for each pump. This feature also prolongs the motor life
by allowing longer cycle times between motor starts.

The pump alternator circuit operates independently of the pump's operational status. In other
words, the alternator circuit can't tell if a pump is operational or not. Because of this, the
circuit can't change the lead/lag combination due to a pump failure or a pump being in the OFF
position. For example, if the lead pump were in the OFF position, the alternator circuit would
still keep this pump as the lead pump and the lag pump would not turn on until the level rose
to the lag pump setpoint. When the lag pump shuts off, the alternator circuit will index and the
lag pump will switch to the lead pump for the next cycle.
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During the next cycle, the lead pump will operate normally, but now the lag pump (which is in
the OFF position) will not turn on if the level was to rise to the lag pump setpoint.

9.L1.6 Support System .

Pump Removal System

The submersible pumps are equipped with a pump disconnect system to permit the easy removal
of each pumping unit for inspection or service.

The pumps are securely attached to a sliding guide bracket that travels on two guide rails. Each
pump has a hydraulically sealing discharge elbow that automatically connects to the discharge
pipe when the pump is lowered into place and provides a leak-proof seal when the pump is in
operation.

Electrical System

The pump station is powered by 220 volt, single phase, 60 Hz power supplied by Puget Power.

9.1.2 Flow Metering Station

The flow metering station records the amount of groundwater discharged from the dewatering
pump station. The flow monitoring meter and associated piping are located in a 4-foot-2-inch
wide by 6-foot-6-inch long by 3-foot-8-inch deep, precast concrete utility vault, as shown in
Figure 9-2. The flow meter consists of a 4-inch turbine water meter. The flow meter is
equipped with three 4-inch gate valves (GV-4-1, 2 and 3) which have been provided to allow
flow to bypass the meter in order to provide for its maintenance or removal.

9.1.3 Force Main Discharge Pipeline

A 4-inch force main conveys the groundwater discharged from dewatering pump station to the
Midway Sewer District sewage collection system.

9.2 STARTUP AND INITIAL OPERATION

If the pump station fails to function, groundwater will back up in the dewatering system
collection pipes located beneath the detention pond's membrane liner system. The presence of
this water beneath the detention pond creates potential risks to the liner system because of
possible damage which may occur from excessive hydrostatic pressures.

The following procedures should be followed during the initial operation of the dewatering pump
system.
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9.2.1 Detention Pond

• Check dewatering system cleanouts to make sure they are securely in place.

9.2.2 Dewatering Pump Station

• Unlock and open wet well and valve vault access hatches.

• Remove any debris or sediment which has accumulated within the wet well.

o Check to see that the pumps are properly lubricated and ready for operation in
accordance with the manufacturer's instruction manual.

o Verify the" discharge valves for the pumps being operated are in the OPEN
position (Figure 9-3).

«> Inspect the Midway Sewer District manhole to make sure it is ready to receive
flow.

« Check all four float switch settings to verify they are set correctly.

• Check and record the readings at the pump running time meters.

« Place the main circuit breaker located in the control panel in the ON position.

o Set the HAND-OFF-AUTO selector switch on AUTO. If necessary, introduce
a simulated flow of sufficient quantity into the wet well to raise the water level
above both the lead and lag ON switches. If no water is available, manually pull
up floats to simulate flow.

• Observe equipment for proper operation.

• Close and lock access hatches.

9.2.3 Flow Metering Station

• Verify all valve settings for the flow meter are in the appropriate setting as shown
in Figure 9-4.
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9.3 NORMAL OPERATION

During normal operation, both pumps are set to the AUTO position. The system valve lineup
is as follows:

• Verify valves in the OPEN position:

Gate Valves GV-3-1 and GV-3-2 (Figure 9-3)

Gate Valves GV-4-1 and GV-4-2 (Figure 9-4)

• Verify gate valve GV-4-3 is in the CLOSED position (Figure 9-4)

When the wet well water level rises to the lead pump ON level switch position, the lead pump
turns on and pumps at the specified rate (see pump manufacturer's literature for pump
performance curves). When the wet well water level drops to the OFF level switch position,
the lead pump will turn off and the alternating relay will index so the lag pump will start on the
next cycle as the lead pump.

If the wet well level continues to rise with the lead pump in operation, the lag pump ON level,
switch will be activated, causing the lag pump to turn on and pump with the lead pump until the
wet well level drops to the pumps OFF level switch position. When the OFF level switch
position is reached, both the lead and the lag pumps turn off. The lead and the lag pumps are
identically rated.

If the wet well level continues.to rise when both pumps are operating, the high wet well level
alarm switch will energize the high wet well level alarm.

If either of the pumps should fail, the pump alternator circuit will not be affected. This means
that the remaining pump will switch back and forth between the lead and lag position.

9.4 ALTERNATE OPERATION

This subsection discusses operation of the dewatering pump system for three alternative modes
of operation.

9.4.1 Manual Operation of Pumps

• Verify that all valves are in the appropriate position per Section 9.3.

Set the HAND-OFF-AUTO selector switch for the pump(s) in question to the
HAND position.

CAUTION: When the pump(s) are in the HAND position they .will run
continuously, even when the water level drops to the OFF level
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switch position. Do not run the pump(s) in the HAND position
unless there is another person monitoring the water level in the wet
well. This will prevent possible damage to the pump(s).

9.4.2 Automatic Operation of Only One Pump -

• Verify that all valves are in the appropriate position per Section 9.3. Close the
gate valve (GV-3-1 or GV-3-2) for the pump not in operation if the pump is to
be pulled out of the wet well for service. The circuit breaker for the disabled
pump should be turned to the OFF position for safety.

• Turn the HAND-OFF-AUTO selector switch for the pump not being operated to
the OFF position.

o ' The pump in service will operate in the automatic mode of operation. With each
on/off cycle, the pump will switch between either the lead or lag operating
setpoints. •

9.4.3 Total Shutdown

If the pump station shutdown is required due to a malfunction of both pumps, the pump control
system, or the electrical system the following procedure should be followed:

Turn the HAND-OFF-AUTO for both pumps to the OFF position,

o Switch the main power disconnect switch to OFF for safety. . \~/

Water will start backing up in the wet well and the upstream groundwater collection system, and
the high water level alarm float switch will energize and signal the high water alarm. For
extended periods of "total shutdown," portable pumps should be used to maintain the pumping
of groundwater to prevent the possibility of damage to the liner system. The portable pumps
can be set up to discharge to the detention pond.

To restart the station, return the power DISCONNECT switch to the ON position, and then turn
the pump operation selection switch back to the AUTO position.

9.4.4 Flow Metering Station

The flow metering station is equipped with valving which allows alternate operation for periods
when maintenance or repair of the flow meter is required. When maintenance or repair of the
meter is necessary, the following procedure should be followed:

Turn gates valves GV-4-1 and GV-4-2 to the CLOSED position.

e Turn gate valve GV-4-3 to the OPEN position.
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This alternate operation allows discharge water to bypass the meter and easily facilitates the
meters removal for repairs or servicing.

9.5 ROUTINE MAINTENANCE

The following routine operation and maintenance tasks should be followed to keep the pump
station operating in good condition. A partial list of routine tasks which may be required to
keep the pump station operating in good order is provided below. This procedure should be
used in conjunction with the manufacturer's recommended operation and maintenance
instructions. Table 9-2 is a.summary of the routine maintenance requirements of the dewatering
pump station.

9.6 TROUBLESHOOTING

Common operation and maintenance problems for the dewatering pump station, their probable
causes, and control and prevention techniques are listed in Table 9-3.

9.7 ALARM CONDITIONS
i

There are three different alarms for the dewatering pump station. They are:

• Pump seal failure
• Pump high temperature
• High water level in the well

The pump seal failure alarm activates if moisture is detected in the pump motor. The high
temperature alarm activates if the pump is an overload condition which is causing the pump to
overheat. The high level alarm will activate if the level in the well reaches El. 330 feet.

Both the seal fail and high temperature alarms have indicating lights located on the control panel.
The high level alarm has an indicating light mounted on top of the control panel.

The high temperature and high water level alarms have reset switches located on the control
panel. The reset switches must be pushed to clear the alarms. If the alarm does not clear after
pushing the reset switch, then the alarm condition still exists.

The alarm system should be tested at least once a quarter.
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Table 9-2
Maintenance/Inspection Schedule

for Dewatering Pump Station

System
Component Defect

Inspection
Frequency Maintenance Required and Results Expected

Wet Well

Walls/Floor Scum Buildujp Weekly Wash scum off of the wall and break up scum to

Float Switches-

Pumps

Intake

Impeller

Motor

Sediments/ Debris Weekly

Scum Buildup Weekly

control odor and prevent grease buildup.

Remove and dispose of sediments and floating debris
which could clog pumps.

Clean accumulations of scum and other materials from
float switches, using a high pressure hose, if necessary.
Check to make sure that the float switches are not
tangled.

Intake Clogging Annually Remove pump(s) and check intake.

Clogging Twice per Inspect impeller and body for clogging.
year

Current Draw Annually Check the pump motor current draw for high power
requirements.

Unusual Noise Weekly Listen for unusual noises and repair/replace pump as
necessary.

Control System

Float Switches

Alarms

Monthly

• Quarterly

Regularly inspect the system and float switch settings.

Simulate the wet well high water level conditions. Also
push the Seal Fail Test switch and verify the alarm light
turns on.

Piping and Valves

Gate Valves Sticking Monthly Regularly exercise the valves.

o

O
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Table 9-3
Troubleshooting Guide for the

Pump Station

Indications/ Observations Probable Cause Solutions

1. Force main plugged, pumps •
won't deliver flow, wet wells back
up, high level alarm sounds, and
eventually groundwater backup into
collection system under pond.

2. Pumps plugged.

3. High level alarm repeats.

4. High pump time.

5. Pumps won't start.

6. Intermittent flow or surging.

7. Pump not running.

8. Pump not running, circuit
breaker will not reset.

9. Pump is running, but discharge
is reduced.

10. Clogged pump.

1. Obstructions in force main
blocking or causing impediment in
the flow, or debris was picked up
from the wet well and pumped into
the force main.

2. Debris in wet well causing
obstruction in pump.

3. Low pumping rate caused by plug
in force main. One pump failed.

4. Partial plug in pumping system.
Infiltration.

5. Pumps, level switch or control
circuit problems. Pumps are
plugged.

6. Improper wet well level switches
position.

7a. Defective control circuit.

7b. Clogged pump or closed valve.

8a. Short circuit.

8b. Faulty breaker.

8c. Pump binding.

9a. Pump is air-bound.

9b. Clogged impeller.

10. Grease accumulations.

1. Routinely check and clean
wet well.

2. Backflush pumps and check
wet well for debris.

3. Routinely check and clean
wet well..

4. Check running time meters
at each scheduled maintenance
check.

5. Check pump controls (level,
alternator, etc.) and check to
see if pumps are plugged.

6. Check and adjust level
switches.

7a. Use meter to check
switching circuits and replace
defective part.

7b. Inspect pump for
obstruction and remove •
obstruction.

8a. Inspect electrical
equipment for damage.

8b. Inspect electrical
equipment for damage.

8c. Inspect pump for
obstruction and remove
obstruction.

9a. Bleed air from pipe and
remove obstruction.

9b. Inspect for and remove
obstruction.

10. Check grease accumulation
on walls of wet well or
remove grease by dewatering
the wet well and scraping the
bottom.
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Table 9-3
Troubleshooting Guide for the

Pump Station
o

Indications/ Observations Probable Cause Solutions

11. Rising power consumption.

12. Improper liquid levels.

13. Excessive wear or damage to
pumps.

11. Clogged pump. 11. Remove obstruction in
pump.

12. Hang-ups in float level switches. 12. Remove obstruction,
. release float.

13a. Sand accumulations in wet
well.

13b. Grease accumulations in the
wet well.

13a. Inspect for eroding
action, corrosion and.solids
build-up and remove sand
from wet well.

13b. Inspect and clean wet
well.

O
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9.8 EMERGENCY OPERATION

. Failure of the dewatering pump station to function can result in an emergency condition which,
unless corrected, may result in the groundwater level rising beneath the detention pond and
subsequent damage to the liner system. A pump station failure could be a result of one of the
following conditions: •

« Power failure
• Pump malfunction
• Control system malfunction or failure
• Severe weather

When an emergency condition does exist the operator should take the following course of action
to alleviate the potential for liner damage.

• Turn HAND-OFF-AUTO selector switch to the OFF position.

• Install a portable submersible pump in the wet well. Run the discharge hose to
the detention pond. Pump to maintain a high level of approximately five feet (top
of the 6-inch perforated drain penetration) and a low level of about six inches.

• Follow alarm and troubleshooting response procedure provided in this chapter
until the problem(s) can be identified and corrected.

• After a power outage confirm that all pump equipment is functioning properly and
that it has not become damaged by electrical surges or voltage drops.

• . Remove portable pump.

9.9 RECORDS AND RECORDKEEPING

Maintenance and costs records should be kept for all services required for the dewatering pump
station. Service records are essential for calculating operating costs, determining budget
requirements, preparing maintenance schedules, and for scheduling repairs.
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10. 1-5 PUMP STATION

10.1 DESCRIPTION

The function of the pump station facility is to collect surface drainage from an area east of 1-5
plus a portion of 1-5, which formerly drained into the Midway Landfill, and pump it to the
Midway Detention Pond using a portion of the existing 1-5 drainage system.

The pump station facility is shown in Figure 10-1, and consists of:

• Pump Station
o ' Force Main Discharge Pipeline
o Overflow Structure and Detention Pond

10.2 PUMP STATION

The pump station consists of four submersible pumps ̂ in a wet well plus a separate control
building. The individual elements of the pump station system are described below.

10.2.1 Pumps

There are four vertical, non-clog, submersible solids handling pumps. Up to three of the pumps
are in service at a time, with the remaining pump as a spare. Pump use is rotated automatically
to provide even wear and longer life. Each centrifugal pump has a rated capacity of 1500 gpm
at a total dynamic head of 62 feet. Pump motors are 1750 RPM, 40 horsepower, 460 volt, three
phase, 60 cycle, alternating current types. The pumps are manufactured by Hydromatic, Model
No. S6LX, and are capable of handling solids up to 3 inches in diameter.

10.2.2 Piping and Valves

Each submersible pump has a 6-irich diameter discharge pipe which connects directly to a
vertical 8-inch discharge line through a 6-inch elbow and a 6-by-8 inch reducer. Each 8-inch
discharge line exits the wet well wall and enters a valve vault below grade. There are two valve
vaults, each taking two of the four discharge lines as shown on Figure 10-1. Each line has an
8-inch plug valve and an 8-inch check valve. The two 8-inch lines leave each of the valve vaults
and combine into 12-inch diameter lines which in turn combine into the 16-inch force main. The
16-inch force main delivers the stormwater to the catch basin at the east edge of the 1-5 freeway.
From this point the stormwater flows by gravity to the west side of the freeway and the
detention pond at the Midway Landfill.
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10.2.3 Wet Well

The reinforced concrete wet well has an inside diameter of 13 feet and is 44 feet deep. It has
a volume of 993 gallons per foot of depth. An elevation view of the wet well is shown in
Figure 10-2 and a plan view is shown in Figure 10-3.

10.2.4 Pump Control System

.Four adjustable mercury float switches are used to activate and deactivate the pumps in the
automatic mode of operation. In addition, three float switches are used to activate wet well
water level alarms. Table 10-1 summarizes the individual switch functions and lists the
recommended setpoints.

Table 10-1
Suggested Float Control Switch Settings

Switch

FS-1

FS-2

FS-3

FS-4

FS-5

FS-6

FS-7

Setting

Pumps off

Lead pump on

2nd pump on

3rd pump on

High water alarm

Overflow elevation, Ventilation fan off

Low water alarm

Elevation (in feet)

320.7

323.3

324.3

325.3

335.0

347.5

319.1

10.2.5 Instrumentation and Control

The pump controls, instrumentation, and electrical service are located in the Control Building
shown in Figure 10-4.

10.2.5.1 Pump Selection Switches

The pumps are controlled by HAND-OFF-AUTO selector switches on the control panel. In the
HAND setting, the pump will run continuously until the selector switch is turned to the OFF or
AUTO position. In the AUTO position the pumps will be controlled by the float switches in the
wet well. See Section 10.6 for a description of the automatic operation of the system under
normal operating conditions. The OFF position shuts off the control voltage.

CAUTION: Main power is still present at the panel and pumps until the main breaker
switch is turned off.
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10.2.5.2 Automatic Alternating Relay

The order in which the pumps are used during each on-off cycle is controlled by the
quadraplexor. Each time all pumps in use stop, the quadraplexor chooses a different pump
cycle. The function of this system is to provide even wear on the pumps, so at anytime the
elapsed hour time meter on the control panel should indicate about the same operating time for
each pump. This feature also prolongs the motor life by allowing longer cycle times between
motor starts.

10.2.6 Alarm System

Table 10-5 summarizes all the 1-5 pump station alarms and gives a basic description of how the
system operates.

10.2.7 Support System

Each pump is securely attached to a sliding guide bracket that travels on two guide rails. The
guide rails are used to keep the pump in proper alignment with the stationary discharge piping
as the pump is being raised or lowered. All of the pumps have a hydraulically sealing discharge
elbow that automatically connects to the discharge pipe when the pump is lowered into place and
provides a leak-proof seal when the pumps are in operation.

10.2.8 Pump Removal System

The submersible pumps are equipped with a pump disconnect system to permit the easy removal
of each pumping unit for inspection or service. Once the pumps are shut off, the pressure drop
releases the hydraulic seal at the pump discharge allowing the pump to be pulled out of the wet
well by a lifting chain attached to the top of each pump.

10.2.9 Ventilation System

The ventilation system consists of two fans, an exhaust fan for the control building and the wet
well ventilation fan. The fan in the control building is a Loren Cook, Type AWD, steel wall
fan. It is designed to put out 366 cfm at 0.5 inch water pressure. The speed and length of time
this fan runs are controlled manually. The ventilation fan for the wet well is located in the
ventilation vault, southeast of the wet well. The fan is a Loren Cook Model 12CVB centrifugal
blower. This fan is designed for 1200 cfm at 0.5 inch water pressure. The ventilation vault is
connected to the wet well by ventilation ducts. This fan is controlled by the main control panel
in the control building. See Section 10.6.2 for information on this fan's control's.

10.2.10 Electrical System

The pump station is powered by 460 volt, three phase, 60 Hz power supplied by Puget Power.
This line comes into the site underground. At the south exterior face of the Control Building
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the power comes up into the service disconnect panel, then goes to the meter and on to the
manual transfer switch, before feeding the motor control panel inside the building. Below the
manual transfer switch (Figure 10-4) is a panel with generator terminals to be used to hook up
a generator for backup power if needed during an extended power outage.

10.2.11 Water System

Water for washdown is supplied to an exterior washdown standpipe in between the wet well and
the Control Building. Water service is provided from the intersection of South 248th Street and
35th Avenue South through a 1-1/2" meter and 2-inch copper service line. The water supply
is isolated from the washdown standpipe by a reduced pressure principal backflow preventer
located in a vault south of the control building.

10.3 FORCE MAIN DISCHARGE PIPELINE

The 16-inch force main conveys the storm water west and south along the right-of-way of the
northbound lanes of 1-5 about 500 feet to a catch basin. From this catch basin the discharge
flows west under the freeway to a gravity conveyance system which routes the flow to the
detention pond at the north end of Midway Landfill.

10.4 OVERFLOW STRUCTURE AND DETENTION POND

The overflow structure and detention pond are located northwest of the wet well in the ravine
alongside 1-5. The overflow structure is shown in Figure 10-5. It is constructed from two 12-
foot sections, 54 inches in diameter, of reinforced concrete pipe on end, with a beehive trash
rack on top. The top of the pipe is at El. 347.5, approximately 12 feet aboveground. The
detention pond is formed by the existing ravine alongside 1-5.

Under normal conditions the stormwater drains into the existing manhole east of the overflow
structure. From there the water drains into the wet well. When the pumps are unable to keep
up with the incoming flow, the stormwater will begin to back up in the storage pond. When the
elevation of the water reaches 347.5, the water will start to drain into the overflow structure.
The overflow discharges into the 30-inch corrugated metal pipe (CMP) under 1-5 to Midway
Landfill.

10.5 START-UP AND INITIAL OPERATION

To begin operation of the pump station initially, or after a prolonged shutdown, there are certain
procedures and considerations that differ from the normal operation, as described in Section
10.6. The following items need to be checked by the operator:

10.5.1 Wet Well

o Unlock and open the wet well access hatches.

• Remove any debris or sediment which has accumulated within the wet well.
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10.5.2 Pumps and Controls

a Check that the pumps are ready for operation in accordance with the
manufacturer's instruction manual.

« Check the float switch settings.

o Check and record the readings at the pump running time meters.

• Check that the main circuit breaker (located in the control panel) is in the ON
position.

Set the HAND-OFF-AUTO selector switches on AUTO. If necessary, introduce
a simulated flow of sufficient quantity into the wet well from the washdown
standpipe, to raise the water level above FS-4, 3rd pump on switch.

• Observe the equipment for proper operation.

10.5.3 Ventilation Units
\

• Check the rotation on both the control building fan and the ventilation fan for the
wet well.

» Check the belt tension of the control building fan. Be sure there is a 1/2-inch
play at all times.

. • Check the ductwork connecting the ventilation fan to the wet well for any
obstructions.

• Start both fans. The control building an is turned on at the breaker in Panel M
and the ventilation fan is started at the main control panel. :

10.5.4 Piping and Valves

• Check: that all pipelines and catch basins are free of debris or other obstructions.

• Check that all valves are in the OPEN position.

10.5.5 Alarm System

• Simulate a "high-water" alarm condition by manually lifting the high-level alarm
float switch.
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«. Check the telemetry transmission to Charles Street Station to verify proper
communication and alarm transmission. C j

e Close and lock access hatches and control panel.

CAUTION: Before working on any control system connections, verify that all power
is turned off at the source.. Verify that no power exists.

10.6 NORMAL OPERATION

Normal operation procedure for the pump station is in the AUTO mode of operation. This is
the most common mode, and it is recommended that the operator periodically review the
recommended operating procedures.

10.6.1 Pumps

Starting with the pump selector switches in the AUTO position, the pumps start and stop at
water levels determined by the settings of float switches FS-1, FS-2, FS-3 and FS-4. As the
water level rises to FS-2 setting, the lead pump will start. If the water level continues to rise
to the FS-3 setting, the lag pump will start. If the water level rises to the FS-4 setting, the Lag-
Lag pump starts. Up to three pumps will run until the water level falls below the FS-1 setting.
At this point all pumps stop and the quadraplexor alternates, choosing a different pump cycle
for the next time the water level rises to the FS-2 setting. Examples of quadraplexor alternating
cycles are in Table 10-2.

Table 10-2
Quadraplexor Alternating Cycles

Pump

NW Pump

NE Pump

SW Pump

SE Pump

Cycle #1

Lead

Lag

Lag-Lag

O f f .

Cycle #2

Off

Lead

Lag

Lag-Lag

Cycle #3

Lag-Lag

Off

Lead

Lag

Cycle #4

Lag

Lag-Lag

Off
\

Lead

10.6.2 Ventilation Units

Under normal operation, the control building exhaust fan will have power. Manual controls are
located on the front of the fan for .starting it and adjusting the speed.
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The wet well ventilation fan will operate continuously, unless manually turned off at the control
panel or the water level in the wet well reaches FS-6, overflow elevation. This setting
automatically shuts the fan off if the fan is set at AUTO. The fan has an elapsed time meter to
show total running hours and a counter to show total number of starts. A run light on the
control panel indicates when it is operating.

10.6.3 Piping and Valves

Depending on which pump(s) are operating, the corresponding 8-inch force main carries the
stormwater from the wet well to one of the valve vaults. During normal operation, the check
valve and plug valve for each line in the vault are open. Outside of the valve vaults the 8-inch
force mains combine into two 12-inch force mains and then into one 16-inch force main. When
the pump(s) are operating, the stormwater is routed through these force mains to the catch basin
south of the pump station. The flow continues by gravity under 1-5 to the Midway Landfill
detention pond.

10.6.4 Alarm System

Under normal operation, the alarm system will activate alarm indicating lights at the pump
control panel, the Charles Street Station, or at both locations. See Table 10-5 for a complete
summary of the wet well alarms.

10.6.5 Overflow Structure

The overflow structure and storage pond will be used at times of rainfall projected greater than
the 10-year storm. Stormwater will only backup into this system when the pumps are unable
to keep up with the amount of stormwater. The pond capacity should be sufficient to store a 10-
year storm without an overflow.

10.7 ALTERNATE OPERATION

This subsection discusses operation of the pump station system for two alternative modes of
operation: Manual operation and total shutdown. Alternate operation of the pump system is
required when there are circumstances that do not allow for normal operation to occur. There
are frequently operational sacrifices when alternate operation is required. It is therefore
important that the operator consider the impacts of the desired mode, of operation.

10.7.1 Manual Operation

Set the HAND-OFF-AUTO selector switch for the pumps(s) in question to the HAND position.
The pump(s) will run continuously until the selector switch is turned to OFF. The water level
in the wet well must be monitored to prevent the pump(s) from pumping dry. To return to
automatic control, rum the selector switch to the AUTO position.
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10.7.2 Total Shutdown

If a pump station shutdown is required due to a malfunction of pump(s), the pump control .^-^
system, or the electrical system, the following procedure should be followed. Only qualified
electricians should perform work on electrical systems and components.

Turn the HAND-OFF-AUTO switch for all affected pumps to the OFF
position.

<> Switch the main power disconnect switch to OFF for safety.

CAUTION: Before working on any control system connections, verify.that all
power is turned off at the source. Verify that no power exists.

o Water will start backing up in the wet well and eventually into the
overflow structure. From there, the stormwater will overflow to the
landfill detention pond.

10.8 MAINTENANCE

Maintenance of the pump station needs to be done on a regular basis as recommended by the
manufacturer of the individual components and as suggested here. The pump station is designed
to operate automatically, but requires general maintenance, routine lubrication, and replacement
of worn parts. To keep the pump station in good operating condition the pump station should
be inspected on a daily basis for the first month of operation and a record of any unusual
observations made in the log book or maintenance card.

The daily inspections then can be revised to an every-other-day or weekly schedule, should it
become evident that the station does not require daily attention. A typical schedule of routine
maintenance is outlined in Table 10-3.
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Table 10-3
Maintenance/Inspection Schedule

for 1-5 Pump Station

System Potential Maintenance Required and Results
Component Defect Expected Frequency

Pumps/Station Improper
Operation

Electrical
Controls

System
Shutdown

Chevron Grate Clogging

Wet Well

Overflow
Structure

Loss of
Pump
Prime

Clogging

Visually check the pumps, station and Weekly
grounds for any obvious problems or future
maintenance needs. Record observations in
the pump station log and proceed with
necessary repairs. Listen to the pumps for
any unusual noises. Observe the hourly
readings on the pumps and compare to each
other to verify all of the pumps are
operating close to the equivalent amount of
time.

The electrical control system should be Weekly
checked to verify that the pump control
switches are in the proper position for
automatic operation.

Check to make sure the chevron grate at the Weekly
ventilation vault is clear of debris.

Look into the wet well to confirm that the Weekly
float switches are operating normally.
Simulate the wet well high water level
conditions to test the alarm system for
proper operation.

Clean the beehive trash rack and the inside Monthly
of the Overflow Structure of any debris that
has accumulated.

NOTE: The plug valve(s) should be closed when servicing the pump(s) or check valve(s).
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10.9 TROUBLESHOOTING

Performing accurate troubleshooting of a problem will lead to the quickest, easiest and least
expensive way to correct the problem. A method to assist in locating the problem follows:

o Isolate the problem area by the use of valves, controls or other means that apply.

» Following the isolation of the problem area, it is important to determine the
sequence of operation.

« "Think" the system operation through and determine the items of dependency.
/ •

a Perform manual operation of the items where applicable.

o Check electrical circuit continuity with a meter where applicable.

CAUTION: Do not perform electrical checks on energized equipment. It is
. recommended that any electrical checks be performed by a
qualified electrician.

The following troubleshooting chart is intended to assist the operator in locating the probable
cause of a problem or symptom (Table 10-4). The operator is encouraged to supplement this
chart, as may be necessary, when based on actual operating experiences.

Table 10-4
Troubleshooting Guide for

the 1-5 Pump Station

o

o

Indications/Observations Probable Cause Solutions

Force main plugged, pumps won't Obstructions in force main
deliver flow, wet well back up,
high level alarm sounds.

Pumps plugged.

High level alarm repeats.

High pump time.

Pumps won't start.

Midway Landfill

O&M Manual

blocking or causing impediment in
the flow, or debris was picked up
from the wet well and pumped
into the force main.

Debris in wet well causing
obstruction in pump.

Low pumping rate caused by plug
in force main. One pump failed.

Partial plug in pumping system.

Pumps, float switch or control
circuit problems. Pumps are
plugged.

Routinely check and clean wet
well. Take action to prevent the
blockage from occurring again.

Backflush pumps and check wet
well for debris.

Routinely check and clean wet
well.

Check the pumping system for
blockages.

Check pump controls (float
switch, quadraplexor, etc.)

70-75
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Table 10-4
Troubleshooting Guide for

the 1-5 Pump Station

Indications/Observations Probable Cause Solutions

Intermittent pump operation.

Pump not running

Float switch malfunction.

A. Defective control circuit.

Pump not running, circuit breaker Short circuit or thermal overload,
will not reset.

Pump is running, but discharge is A. Pump is air-bound,
reduced.

B. Clogged impeller.

C. Grease accumulation.

A. Clogged pump.

B. Infiltration.

Hang-ups in float switches.

A. Sand accumulations in wet
well. .

Rising power consumption.

Improper liquid levels.

Excessive wear or damage to
pumps.

B. Grease accumulations in the
wet well.

Repair or replace float switch.

A. Use meter to check switching
circuits and replace defective part.

Inspect electrical equipment for
damage.

A. Bleed air from pipe and
remove obstruction.

B. Inspect for and remove
obstruction.

C. Check grease accumulation on
walls of wet well or remove
grease by dewatering the wet well
and scraping the bottom.

A. Remove obstruction in pump.

B. Check and correct as
necessary.

Remove obstruction, release float.

A. Inspect for eroding action,
corrosion and solids buildup and
remove.

B. Inspect and clean wet well.
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Table 10-5
Alarm Conditions o

Alarm Action

Low Water Alarm

High Water Alarm

Overflow Alarm

Pump Fail

Pump Seal Fail

Power Failure

If the water level falls below the setting of FS-7, an alarm signal
will be sent via telemetry to the Charles Street Station. No warning
light is provided for at the pump control panel. Once the signal has
been received at Charles Street Station, site personnel must be
notified to investigate the reason for the alarm and, if required, to
manually shut off the pump(s).

When the water level rises above FS-5, the High Water Level light
is activated on the control panel and a signal is sent via telemetry to
Charles Street Station. Site personnel must be notified to investigate
the reason the water level is so high (pump problems, heavy rainfall,
etc.) and to take.appropriate action.

If the water level rises above FS-6, the Overflow level light is lit on
the control panel, the wet well ventilation fan is shut off and a signal
is sent by telemetry to Charles Street Station, if it is the AUTO
mode. Site personnel must be notified by Charles Street Station to
investigate the alarm.

For each pump there is a separate pump fail light on the control
panel. If any of the pumps overload or overheat, the pump fail
circuit will be tripped, the pump shuts off and a signal will be sent
by telemetry to Charles Street Station. Site personnel must be
notified to investigate the alarm. To restart the pump, the pump
reset must be pushed.

Each pump has a separate Seal Fail indicating light. If any moisture
is detected in the pump motor, the Seal Fail light is activated. The
pump will stop and a signal is sent to Charles Street Station by
telemetry. Site personnel must be notified and the problem be
repaired prior to restarting the pump.

In the case of a phase or' power loss condition, the voltage is
dropped from the pump control circuits and a signal is sent via
telemetry to Charles Street Station. When normal power is returned,
the pumps will restart without the need to be reset. Site personnel
need to be notified to determine the cause of the power loss and
duration. If required, emergency generators can be brought in to
operate the pumps.

O
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10.10 EMERGEiNCY OPERATION

Failure of the pump station to function results in the stormwater backing up in the storage pond
and into the overflow structure. A pump station failure could be a result of one of the following
conditions:

o Power Failure
o Pump Failure or Malfunction
o Control System Failure or Malfunction
• Severe Weather

When an emergency condition does exist, the operator should take the following course of action
to alleviate the potential of damage to the system.

o Turn the pump selector to the OFF position.

o Follow alarm and troubleshooting response procedures provided in this chapter
until the cause of the problem can be identified and corrected.

. « After a power outage confirm that all pump equipment is functioning properly and
that is has not become damaged by electrical surges or voltage drops.

• Remove the portable pump if used.

10.11 RECORDS AND RECORDKEEPING

Maintenance and cost records should be kept for all services required for the pump station.
Service records are essential for determining operating costs, budget requirements, maintenance
schedules and for scheduling repairs.
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11. COMPLIANCE MONITORING

11.1 DESCRIPTION

Federal and state regulations for closure of a solid waste landfill require that compliance
monitoring be performed to track the migration of contaminants into and away from the site
(WAC 173-304). Compliance monitoring also assesses the effect of the remedial measures for
protecting human health and the environment by controlling the contaminant source.
Compliance monitoring at the Midway Landfill has been expanded beyond the MFS
requirements, and consists of quarterly monitoring of 17 wells that are upgradient, at the site
boundaries, and downgradient of the landfill.

11.2 MONITORING LOCATIONS

The monitoring wells listed below will be sampled during each sampling round. (See Figure 11-
1 for well locations.) There is no predetermined sampling order for groundwater wells;
flexibility allows for efficiency. Wells to be sampled include:

MW-7A MW-21A
MW-8B MW-21B
MW-14B . MW-23A
MW-15A MW-23B
MW-16 . MW-24B
MW-17B MW-29B
MW-19B - MW-30B
MW-20A MW-30C
MW-20B

11.3 MONITORING PARAMETERS

All samples will be analyzed for chemical parameters required'for analysis under the Minimum
Functional Standards for Solid Waste Handling (WAC 173-304) which include the following:

Field Temperature Sulfate
Field Conductivity Dissolved Iron
Field pH Dissolved Zinc
Chloride Dissolved Manganese
Nitrate as Nitrogen Chemical Oxygen Demand
Nitrite as Nitrogen Total Organic Carbon
Ammonia as Nitrogen Total Coliform
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In addition to the WAC 173-304 parameters, all groundwater samples will be analyzed for
volatile organic compounds. Test methods used to detect the WAC 173-304 parameters will be
EPA Publication Number SW-846, "Test Methods for Evaluating Solid Waste — Physical/
Chemical Methods" except for total coliform which will use the latest edition of "Standard
Methods for the Examination of Water and Wastewater."

One purge water composite sample will be drawn per sampling round. The composite sample
is made by drawing a sample from each well and then mixing them together. This composite
sample is analyzed for the following parameters:

« Cadmium
« Chromium
« Copper
o Lead
« Nickel
o Zinc
o Volatile and semi-volatile compounds
• Organochlorine pesticides and PCBs
• Chlorinated herbicides

11.4 QUALITY CONTROL SAMPLES

There will be two complete sets of duplicate samples taken at random times during quarterly
compliance monitoring sampling rounds. The duplicate samples will be taken at a given well
at the same sampling time as the primary sample. This sample is obtained by first filling one
bottle for the primary (i.e., MW-17A), then filing the corresponding analytical container for the
duplicate sample (i.e., MW-17D). However, duplicate sample numbers will be designated so
that field duplicates are not obviously duplicates to the lab.

There will also be one full set of samples taken as a "Field Blank" during each quarterly
sampling event. This sample will be obtained by filling sample bottles directly from the
container of deionized water..-. This sample will be treated in the same manner as all other
groundwatef samples. The field staff will take the same field measurements and complete field
filtering for metals. A minimum of one trip blank will be taken per 5 days of sampling and
analyzed for volatile organic compounds.

When using the dedicated Bennett pump for groundwater sampling, there is no need for any
reinstate sample in a groundwater sampling round.

Analytical testing will be performed at Analytical Technologies, Inc., an EPA Contract Lab
Program participant, and will be performed under their Quality Assurance Program Plan
(available on request). The deliverable package will be a standard EPA 8240 package and not
a CLP package.
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11.5 HEALTH AND SAFETY _oHealth and Safety procedures for both on-site and off-site sampling and monitoring is discussed
in the Midway Landfill Sire Safety Plan.

O
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12. LANDFILL SITE AND FINAL COVER SYSTEM

12.1 DESCRIPTION

12.1.1 Site Access Roads

Access roads for the site were designed to handle light vehicle traffic used for routine site
maintenance. Vehicles weighing more than 4 tons should not be allowed on the landfill. Large
trucks and heavy equipment may damage the roads or underlying membrane liner and other
synthetic components. The site roads have (typically) 2 inches of crushed surfacing top course
over 2 feet of mineral aggregate and have drainage ditches along one or both sides.

It is anticipated that only minor maintenance should be required to keep the roads in satisfactory
condition. This may include periodic grading to fix ruts and holes, and placing additional
surfacing when necessary. Formal inspections of the site access roads should not be necessary
since maintenance personnel will be using the roads frequently and will be aware of road
conditions.

12.1.2 Utilities and Support Systems

Utilities and support systems include the following: sewer, water, electric and telephone
services; security building, lighting, fencing and gates; administrative and maintenance building;
storage areas.

12.1.3 Final Cover System

There are two types of final cover at the landfill, each having slightly different components.
Generally, landfill side slopes with grades steeper than about 10 percent have cover system
components that.provide adequate slope stability. The flatter top areas of the landfill have a
cover system that provides a greater protection against infiltration of surface water. Figure 12-1
shows both types of final cover. A description of each of the cover system components is given
in the following subsections.

12.1.3.1 Vegetation

The cover vegetation consists of grasses as specified in Table 12-1. -
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Table 12-1
Seed Mix #1 (Highway Mix)

Kind and Variety of Seed in Mixture* Percent by Weight

Colonial Bentgrass (Highlands or Astoria) 10

Red Fescue (Illahee Rainier or Pennlawn) . 40

Perennial Ryegrass 40

White Dutch Clover 10

*The rate of application shall be 4 pounds per 1000 square feet. The seed mixture shall
be no less than 98% pure, and shall have a minimum germination rate of 90%.

The cover grasses are suited for the local climate and environment and should not require
supplemental irrigation. The primary function of the cover vegetation is to protect the cover
soils from erosion. The vegetation helps to attenuate surface water runoff during storm events
which decreases the amount of sediments being carried into the surface water ditches and
detention pond.

12.1.3.2 Topsoil Layer

The topsoil supports the vegetation by supplying nutrients and moisture to the plant roots. The
topsoil layer was 12 inches thick at the time of placement.

12.1.3.3 Filter Fabric

Filter fabric is used in the cover system to separate the drainage layers from the overlying soils.
On the landfill side slopes, the filter fabric separates the mineral aggregate drainage layer from
the overlying topsoil layer. On the flatter top areas, the filter fabric protects the synthetic

-drainage net from intrusion of the overlying sand layer.

12.1.3.4 Sand Layer

The sand layer provides additional moisture storage to support the vegetation and attenuate
surface water during storm events. This layer, also serves to protect the synthetic components
of the cover system.

12.1.3.5 Drainage Layer

The drainage layer provides a path for surface water to be drained away from the membrane
liner. This controls the head buildup on top of the membrane liner and reduces the amount of
surface water infiltration.
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The drainage layer on the side slopes of the landfill consists of 12 inches of mineral aggregate.
On the flatter top areas of the landfill a synthetic drainage net is used.

12.1.3.6 Membrane Liner

The membrane liner consists of a 50-mil (0.050 inches) thick sheet of High Density Polyethylene
(HDPE) material. During installation, the panels of HOPE are heat welded together to form a
continuous sheet that covers the entire site.

The primary function of the membrane liner is to act as a barrier to surface water infiltration.
It also permits the controlled collection and removal of landfill gas through the landfill gas
system.

The properties of the HDPE allow for a certain amount of stretching and deformation without
tearing or puncturing. Settlement of the landfill cap to the degree expected at Midway should
not damage the membrane liner. Inspections and repair procedures for the membrane liner are
outlined in Sections 12.2 and 12.4, respectively.

12.1.3.7 Geogrid Reinforcing Layer

There are three areas where geogrid reinforcement has been placed in the. cover system.
Geogrid consists of high strength HDPE material used to reinforce soils. The locations of the
three areas are shown in Figure 12-2. The exact locations of the geogrids should be obtained
from record drawings if repairs are to be made in these areas.

Geogrid has been placed above the membrane on the slope near the southeast corner of the
detention pond to provide adequate slope stability of the cover soils.

Along access road "E" geogrid was placed below the membrane to provide support to the cover
system. During the last years of operation at the landfill, a sink hole periodically reoccurred
in this area. The geogrid is designed to support the cover system over a 10-foot diameter
depression in the subg'rade.

Along the south edge of the cover system geogrid was placed below the 'membrane to .provide
support to the cover system. During operation of the landfill, refuse was placed against a nearly
vertical rock wall left from previous quarry operations. Due to settlement of the refuse, cracks
periodically formed above the rock wall. The geogrid is designed to support the cover system
over a one-foot crack in the subgrade.

12.1.3.8 Low Permeable Soil Layer

On the flatter top areas of the landfill a low permeable soil layer was used in conjunction with
the membrane liner. The low permeable layer consists of 12 inches of select soils that have
been placed under controlled conditions of compaction and moisture content. This layer
provides an additional barrier to surface water that may find its way through the membrane
liner.
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12.1.3.9 Subgrade Soils . . .

The subgrade soils cover the contents of the landfill and provide a foundation for the final cover
system. These soils' are free from sharp angular stones, particles greater than 1 inch in any
dimension, sticks, debris, and other material that may damage the membrane liner.

12.2 INSPECTIONS

12.2.1 General

Periodic inspections are essential to insure that the cover system is performing adequately. The
following summarizes the various inspections for the cover system. Solutions to some -of the
common cover system problems are discussed in Section 12.4.

The inspections of the cover system will typically involve walking the entire site in a systematic
fashion that insures that the entire site is inspected. Using a check list and' site map with a
designated route to follow during inspections may aid in the process.

If any problem or deficiency is found, the inspector should record the location on a field sketch.
A complete description of the affected area, including all pertinent data including size of area
and other descriptive remarks such as exposed synthetic materials, odors, etc. should be
recorded on the appropriate reporting forms.

Photographs may be helpful in documenting problems. Provisions should be made to keep a
photographic log of problems, repairs, and general site conditions. This will provide valuable
information when evaluating the long term performance of the cover system and when planning
repair strategies. .

12.2.2 Settlement/Subsidence

Inspections should focus on looking for areas of localized settlement, sink holes, ponding water,
cracking of cover soils, and any other signs that may indicate cover subsidence. The
approximate depth of ponded water or depression, the limits of the affected area, and other
pertinent details should be recorded for each inspection. The problem areas should be monitored
to determine how the problem develops over time. This will help in evaluating the need for
repairs and when planning repair strategies.

12.2.3 Erosion

Any evidence of erosion should be a cause of concern. The inspector should be especially
observant along steeper .slopes, drainage ditches, areas of vegetative stress, and any areas
previously troubled with erosion problems (such as the slope adjacent to 1-5).
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12.2.4 Membrane Liner Damage

Excessive subsidence or vehicle traffic on the cover may cause damage to the membrane liner. ^-^
Landfill gas may become trapped in localized pockets underneath the membrane liner causing
it to bulge out. This is not expected to happen as long as the gas collection system is
functioning properly but the inspectors should be observant to this condition. Unless visibly
evident, membrane liner damage may be difficult to detect. Any areas where the synthetic
materials are exposed should be noted and a repair plan should be developed without delay.

12.2.5 Vegetative Stress

Areas where grasses are poorly established should be examined to determine the cause of the
problem. The inspector should look for signs of excessive wetness or dryness, pest infestations,
landfill gas or leachate seepage, rodents, weeds, insufficient depth of topsoil, and other
conditions that may inhibit healthy growth of the cover vegetation.

12.2.6 Inspection Frequency

It is recommended that the inspections for the cover system be performed monthly for the first
6 months after an area is initially seeded or until the grasses are well established. Inspections
should also be done immediately after each major rain event until the vegetation proves to be
sufficiently established to prevent erosion.

After the vegetation is established the cover system inspections should be performed twice yearly
for a period of 5 years, once in early spring and once in the fall. After 5 years, for the
remaining post closure care period, the inspections should be done annually.

This schedule of inspections should be adequate to insure proper performance of the cover
system and to document the overall site conditions throughout the post closure care period.
Problem areas will have to be watched more closely and may require a more rigorous
monitoring program tailored to the specific type of problem.

12.2.7 Documentation

It is important to have a record of site conditions at various stages after closure. Good
documentation will provide valuable information to help maintenance and repair planning.
Inspection checklists and cover system reporting sheets are included at the end of this section.
These are provided to assist in the inspection and documentation procedures and should be
modified as needed throughout the post closure care period.
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12.3 ROUTINE MAINTENANCE AND CARE

12.3.1 Grass Cutting

Periodic cutting will help to establish and maintain a healthy, vigorous stand of grass. This will
help control weeds and pests, reduce the potential for grass fires, and provide better erosion
protection.

The following cutting recommendations were prepared by Osbom and Ray Planners of Seattle
for the Midway Landfill cover and should be used as a general guideline. In most settings,
meadow grass is cut to 4 to 6 inches in height and allowed to grow to a maximum height of 10
inches. Non-irrigated meadow grass should be mowed at 12 to 14 day intervals during Spring,
and 12 to 18 day intervals during summer and fall. Mowing with a 58 inch power riding mower
is estimated to take 1 hour per acre.

12.3.2 Spot Reseedlng

It is important to keep a good stand of grasses on all areas of the cover to minimize erosion and
to keep weeds and other undesirable plant species from becoming a problem. Spot reseeding
should be done in late August and early September for best results. Seeding in early spring may
also be effective. Seeding in the dry summer months will most likely be unsuccessful without
supplemental irrigation. Reseeding should be done using the seed mix and application rate
outlined in Table 12-1. The application rate is based on hydroseed methods. If hand methods
are going to be used it is recommended to double the application rate.

12.3.3 Nutrient Application

It may be necessary to periodically apply nutrients or adjust the acidity of the soil. If vegetative
stress is evident the topsoil may be analyzed to determine what nutrient deficiencies exist. This
will prevent over applying fertilizers. Generally, when required, a slow release type of fertilizer
can be applied in late summer to early fall. This is estimated to take about 2 hours per acre per
application. The Soil Conservation Service, County Extension Service, or a local consultant
should be contacted for additional information.

12.3.4 Weed and Pest Control

The key to minimizing necessary weed and pest control is to establish and maintain a good,
healthy, dense grass cover. If weeds or pests become a problem, first identify the type of weed
or pest and then develop a management strategy, chemical or manual, with the help of the Soil
Conservation Service, Cooperative Extension Service, or local consultant. Ail pesticide and
herbicide use should be cleared with the Project Manager. For maintenance planning purposes,
chemical herbicide spraying can be estimated to take about 1 hour per acre per application.
Weed control using chemical herbicides may typically require 2 applications per year.

Midway Landfill 21-1SSO-1S
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12.3.5 Rodent Control ^_^^

Moles and other burrowing animals may attempt to make their homes in the landfill cover soils.
Mounds of loose soil resulting from tunneling animals will encourage weed growth and promote
erosion. The mounds should be raked and reseeded. Some burrowing animals may damage the
synthetic and low permeable layers. A significant rodent population may require the advice of
a local consultant.

12.3.6 Fences

Fence posts, stakes and other objects that may puncture the membrane liner should be installed
with care.

12.4 PROBLEMS/SOLUTIONS

The following section covers some problems which may be encountered during the post-closure
care period. The solutions are by no means all inclusive but should serve as general guidelines
indicating the elements involved for fixing typical case conditions.

12.4.1 Subsidence

When an area experiences excessive localized settlement, the cover may no longer drain
properly. Even, so, there may not be a problem unless the area is large, there is continued
ponding, or the membrane liner is suspected to have been damaged. The problem will require
a study to determine the extent of the damaged area and the potential for surface water leaking
through the cover. If it is determined that a repair must be made, the necessary steps involved
are:

1. Determine limits of area to be repaired.
2. Strip topsoil and stockpile.
3. Remove sand layer (drainage layer) and stockpile.
4. Cut and remove filter fabric (if present).
5. Cut and remove drainage net (if present).
6. Cut and remove membrane liner.
7. Fill depression and grade for proper drainage.
8. Place low permeable soil layer or bentonite mat (top areas).
9. -Install new HDPE membrane sheet.
10. Test welds to insure integrity of repair.
11. Install drainage net (if present).
12. Replace sand layer (drainage layer).
13. Replace topsoil, reseed area and protect.

It should be noted that when replacing the membrane liner, new HDPE panels of like thickness
and surface texture should be used and all seams require heat welding by certified technicians.
No glues or adhesives are to be used.
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Reseeding should be done according to the recommendations given in Section 12.3.2.

Subsidence around monitoring wells or the gas extraction system may involve a more complex
repair procedure. Refer to the appropriate sections on these for maintenance and repair
procedures.

12.4.2 Erosion

Erosion problems should typically involve a relatively minor repair operation unless the
condition is left to develop over time.

Minor erosion rills in the topsoil may be filled and the area reseeded. An erosion mat of some
type may prevent further erosion while the vegetation is being established. Deeper rills through
the sand protection layer may require a more extensive repair possibly involving silt fencing.
Persistent and reoccurring rills can be filled with gravel to allow for a controlled drainage path
down the slope. Erosion in the surface water drainage channels and structures should be
repaired by reconstructing according to the construction plans.
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13. PERFORMANCE MONITORING

13.1 DESCRIPTION

Performance monitoring refers to measurements taken to gauge the effectiveness of the final
closure systems to protect human health and the environment. This primarily entails monitoring
the migration of landfill gas as well as the levels and quality of the groundwater in the vicinity
of the Midway Landfill.

13.2 GROUNDWATER MONITORING WELLS

Groundwater level monitoring is used to track the response of the leachate liquid levels and the
shallow groundwater to the remedial actions. Groundwater level monitoring includes quarterly
monitoring of onsite leachate and gas extraction wells and selected offsite wells to determine the
levels of APL (Aqueous Phase Liquid) and NAPL (Non Aqueous Phase Liquid) in the landfill
and the direction of the shallow groundwater flow. These wells will be monitored for a period
of five years or as long as is determined necessary from the monitoring results.

13.2.1 Monitoring Procedures

SINCO electronic probes are used for water level sounding and oil thickness measurement.
Probes are typically weighted with a metal sheath fitted around the probe to avoid jarring or
catching the probe on well expansion joints. Weighting the probe also enables detection (at the
wellhead) of true well bottoms when sounding deep wells.

During each monitoring round, data from the previous round are typically referenced before
sounding each well to estimate the approximate depth required to reach fluid with the probe.
This procedure also reduces the likelihood of obtaining false fluid depths. Water depths are read
directly from the sounder cable at an established reference point. For EW, PA, and PC wells
located on the landfill, this point is typically the top of a 2-inch well access port mounted on the
top of the well cover. Where the 6- or 8-inch well cover requires removal, the well casing top
(edge of the well casing) is used as the reference point. For A-series probes, off site PA wells,
and PD wells, the outside rim of the manhole over the well is used as the reference elevation.
In the latter case, a straightedge is typically placed across the rim and the sounder cable, held
vertically, is read where it meets the straightedge at a right angle. Selected wells are measured
for total depth during each round. Bottom of well data from previous rounds are compared with
current data to reduce the likelihood of false readings as described above.

Wells that have historically contained oil are measured each round for oil thickness by lowering
the SINCO probe to the depth at which it first sounds (indicating oil/water interface), removing
the probe from the well, and measuring the length of sounder cable coated by oil. Under typical
oil/water interface conditions the sounder probe may become coated with oil upon traveling
through the floating oil layer and cause erroneous measurement of this interface depth. These
circumstances can result in overestimated oil thickness. Actual depth to the oil/water interface
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is therefore typically rechecked by lowering the probe a measured distance beyond the first
sounding, then raising the probe to where the sounder indicator ceases.

13.2.2 Labeling and Chain of Custody

Labels for sampling bottles will contain at least the following information:

• Project Name » Project Number o Sample Name
« Date o Sample Identification o Type of Analysis
o Client

Clear plastic tape will be wrapped around the bottle to cover the label completely allowing
identification yet eliminating the possibility of eradication.

All samples will be delivered to the laboratory accompanied by a chain-of-custody form. The
chain-of-custody sheet sent to the primary analytical laboratory will include measurements of
field parameters.

13.3 GAS PROBES

Since 1983, 127 gas monitoring probes have been installed to monitor levels of landfill gas that
have migrated offsite in the vicinity of the Midway Landfill. These probes are monitored on
a varying schedule. Some are monitored weekly, some twice weekly, some monthly, and some
twice monthly. The monitoring frequency is based on the results of the probe monitoring. The
measurements normally taken at the gas probes include: . . .

o Combustible gases concentration (primarily methane)
° Oxygen concentration
o Hydrogen sulfide concentration
o Static pressure

13.3.1 Monitoring Procedures

This section describes sampling techniques for sampling gas probes with the following
instruments, however, similar instruments can be used besides those suggested below:

o Neutronics PDM-10 pressure gauge
• Gastech Model 1939-OX combustible gas/oxygen meter
o Gastech 1314 combustible gas meter

Gastech Model GX-4000 multi-gas meter

These instruments should be calibrated daily. Before monitoring, read the instruction manual
for the proper use of the. instrument you are .using.
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The following are the proper steps you must take to monitor gas probes:

1. Before any system measurements are taken, it is important to record the
barometer reading. A rapidly rising or falling barometer may explain system
fluctuations.

2. Calibrate and check all instruments before any probe measurements.

3.. Fill out field sheets with current information.

4. Insert the pressure monitoring tube into the probe valve and open the valve.
Record the pressure reading, close the valve, and disconnect the instrument.

5. Connect the Gastech 1939-OX, or similar instrument, to the probe, open the
valve, and continuously draw a sample until the oxygen reading stabilizes.
Record the reading, close the valve, and disconnect the instrument.

6. If the oxygen reading is greater than 10% by volume, measure the combustible
gas level in the probe with the Gastech 1314, or similar instrument, in parts per
million (ppm). Draw a sample continuously until the reading stabilizes, record
the reading, close the valve, and disconnect the instrument.

7. If the reading is off the ppm scale or is less than 10% by volume, repeat the
combustible gas measurement with the Gasiech 1939-OX, or similar instrument,
taking the reading in percent lower explosive limit (LEL). Draw a sample
continuously until the reading stabilizes, record the reading, close the valve, and
disconnect the instrument.

8. If the reading is off the LEL scale or the oxygen reading is less than 10% by
volume, repeat the combustible gas reading with the Gastech 1939-OX, or similar
instrument, taking the reading in percent by volume. Draw a sample
continuously until the reading stabilizes, record the reading, close the valve, and
disconnect the instrument.

9. If measurements are required for hydrogen sulfide use the Gastech GX-4000, or
similar instrument. Draw a sample continuously until the reading stabilizes,
record the reading, close the valve, and disconnect the instrument. Secure the
probe vault when readings are computed.

10. Record any comments relating to the probe readings.

11. Repeat steps 4 through 10 on the next completion or probe.

12. After system measurements are taken, it is important to record the barometer
reading. A rapidly rising or falling barometer may explain system fluctuations.
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13.4 OFF-SITE CONTROL WELLS

The off-site control wells were installed as temporary remedial measures because of high levels
of landfill gas detected in neighborhoods surrounding the landfill (Figure 13-1). When the wells
have succeeded in removing or reducing off-site gas, the vacuum they create may begin drawing
new gas from the landfill. For this reason, they must be monitored carefully and shut down
when gas concentrations are reduced. Originally, 19 off-site control wells were installed. Due
to reductions in gas concentrations of over time, 17 of these control wells have been shut down.

These control wells are monitored on a varying schedule. Some are monitored weekly and some
twice weekly. The monitoring frequency is based on the results from the monitoring of the
wells. The measurements normally taken at the gas-control wells include:

o Combustible gases concentration (primarily methane)
o Oxygen concentration
° Carbon dioxide concentration
o Hydrogen sulfide concentration
• Static pressure
o Velocity

13.4.1 Monitoring Procedures

This section describes sampling techniques for sampling off-site control wells with the following -^
instruments, however, similar instruments can be used besides those suggested below: fj)

o Neutronics PDM-20 pressure gauge
• Gastech Model 1939-OX combustible gas/oxygen meter
o Gastech 1314 combustible gas meter
o Gastech Model GX-4000 multi-gas meter
o Bacharach Fyrite CO2 Sampling Bottle
o Kurz Model 441 velocity meter

These instruments need to be calibrated daily. Before monitoring, read the instruction manual
for the proper use of the instrument you are using.

The following are the proper steps you must take to monitor off-site control wells:

1. Before any - system measurements are taken, it is important to record the
barometer reading. A rapidly rising or falling barometer may explain system
fluctuations.

2. Calibrate and check all instruments before any well measurements.

3. Fill out field sheets with current information.

Midway Landfill ' ' 21-1SSO-15
O&M Manual 13-4 December 1992

O



PARKSIDE
ELEMENTARY

SCHOOL

SUNNYCHEST
ELEMENTARY

SCHOOL

\

Source-. Ecology. February 26. 1986.

SCALE IN FEET

500 1.000

C-1 City of Seattle
Exlraciion Well

Figure 13-1.
Location of Offsite
Control Wells



4. Insert the pressure monitoring tube into the monitoring port. Record the pressure
reading, disconnect the instrument, and close the port.

5. Connect the Gastech 1939-OX, or similar instrument, to the well sampling port,
and continuously draw a sample until the oxygen reading stabilizes. Record the
reading, disconnect the instrument, and close the port.

6. If the oxygen reading is greater than 10% by volume, measure the combustible
gas level in the well with the Gastech 1314 or similar instrument, in parts per
million (ppm). Draw a sample continuously until the reading stabilizes, record

. the reading, disconnect the instrument, and close the port.

7. If the reading is off the ppm scale or less than 10% by volume, repeat the
combustible gas measurement with the Gastech 1939-OX, or similar instrument,
taking the reading in percent lower explosive, limit (LEL). Draw a sample
continuously until the reading stabilizes, record the reading, disconnect the
instrument, and close the port.

8. If the reading is off the LEL scale or the oxygen reading is less than 10% by
volume, repeat the combustible gas reading with the Gastech 1939-OX, or similar
instrument, taking the reading in percent by volume. Draw a sample
continuously until the reading, stabilizes, record the reading, disconnect the
instrument, and close the port.

9. Insert the Bacharach Fyrite CO2 Sampling Bottle, or similar instrument, probe
into the sampling port, draw a sample, record the reading, remove the probe and
close the port.

10. Insert the Kurz velocity meter probe, or similar instrument, into the sampling
port, record the reading, remove the probe and seal the port.

11. If measurements are required for hydrogen sulfide use the Gastech GX-4000, or
similar instrument. Draw a sample continuously until the reading stabilizes,
record.the reading, close the valve, and disconnect the instrument.

12. Record any comments.relating to the probe readings.

13. Repeat steps 4 through 12 on the next completion or probe.

14. After system measurements are taken, it is important to record the barometer
reading. A rapidly rising or falling barometer may explain system fluctuations.
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14. LANDFILL GAS SYSTEM

14.1 DESCRIPTION

The Midway Landfill well field consists of 88 individual gas extraction wells. Each well is
connected to the vacuum manifold that encircles the site. The purpose of the extraction wells
is to collect landfill gas as it is generated and recover landfill gas that has migrated off-site. The
vacuum manifold is used to route the landfill gas to the motor blower/flare facility. Well
locations and the current layout of the vacuum manifold are shown in Figure 14-1.

14.1.1 Well Locations

In 1986, 34 migration control wells (numbered 1 to 34) were installed in waste on 100- to 200-
foot centers around the perimeter of the landfill (Phase I). This spacing was designed to create
overlapping spheres of influence between wells. However, many areas of the landfill lacked
sufficient clay cover to prevent air being drawn through the soil cover into the waste surrounding
the wells. This air intrusion resulted in a low operational vacuum in the wells. Accordingly,
these Phase I wells could not influence a large enough area to provide confidence that a vacuum
barrier was being produced, especially along the eastern boundary. Therefore, three additional
migration control wells, numbers 35, 36, and 37, were installed between existing migration
control wells 18, 19, 20, and 21. These three new wells are double-completed. That is, they
have two pipes completed at different depths so that gas flow can be adjusted to minimize air
intrusion at the shallow level but maximize vacuum at the deeper level. Completion techniques
for these wells are described in Section 14.1.2.

Because of the operational limitations of the Phase I migration control wells in preventing off-
site migration of landfill gas, 41 additional Phase II migration control wells were planned.
Forty-one of. these Phase II wells were installed between November 1986 and December 1987.
Twelve of the Phase n migration control wells were installed in native soil on approximately
175-foot centers along the eastern border of the landfill. These wells are labeled PD-1 through
PD-12.

Nineteen of the Phase n migration control,wells were installed in native soil on approximately
300-foot centers along the north, west, and south boundaries of the landfill. These wells are
numbered PA-1 through PA-10 and PC-1 through PC-9. Ten of the Phase n.migration control
wells were installed in waste in the interior of the landfill. Six wells were placed in the north
half of the landfill and four in the south. These wells are numbered 38 through 47. There is
one additional native soil gas extraction well, C-ll. This well was first installed as an individual
off-site extraction well and later connected to the vacuum manifold. This well was installed to
a depth of 73 feet.

Nine Phase HI wells were constructed in 1989. Wells 48 through 54 were placed in the refuse
in the center of the landfill. Wells 55 and 56 are located near the southwest boundary of the
site.
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14.1.2 Typical Well Installations

The 34 original Phase I migration control wells were installed in waste using a 24 or 30-inch
auger. These wells were drilled to 80% of the depth of the landfill at that location. Generally,
the wells were drilled between 40 and 100 feet deep. The wells are completed with a single 6-
inch-diameter PVC casing which is perforated from between roughly 25 feet below ground
surface to the bottom of the well. A 20-foot slip joint is installed between 5 and 25 feet below-
ground surface to allow for landfill settlement.

This slip joint is made of 8-inch diameter PVC with an 8 by 6-inch slip bushing on the lower
end. The well casing is inserted into this slip joint but not physically attached. The well is
filled with a gravel backfill up to 22 feet below ground surface. Above the gravel backfill is
an approximate 2-foot-thick bentonite or concrete plug. The remainder of the well is backfilled
with native material.

The Phase II interior migration control/odor control wells were installed in waste using a 24-inch
auger. These wells also were drilled to 80% of the depth of the landfill, generally over 100.feet
deep. These wells are double completed with one casing 6-inch-diameter PVC casing installed
to approximately one half the total depth of the well. This "shallow completion" 6-inch casing
is perforated between 25 feet from ground surface to the bottom of the completion. The second
completion is an 8-inch-diameter PVC casing installed to the depth of the well. The 8-inch
casing is perforated from below the bottom of the shallow completion to the bottom of the well.
A 2-foot-thick bentonite plug is placed between the shallow completion and the deep completion
above the screened interval of the shallow completion. The screened intervals for both
completions are filled with a gravel backfill. Native soil is backfilled between the upper
bentonite seal and ground surface. A slip joint is installed in both completions similar to that
installed in the Phase I wells.

The Phase n native soil wells are drilled with several different diameters and configurations.
The completions of these wells are similar to that of the Phase II interior wells with the
exception that both completions are 4-inch-diameter PVC casing and a slip joint is not required.
The wells installed on the west boundary of the landfill (wells PA-1 through PA-6, PA-10, and
PC-1 through PC-9) were completed simply by extending the casings above ground. The
wellheads for Phase II native soil wells installed to the east and south of the landfill (wells PD-1
through PD-12, and PA-7 through PA-9) were buried in a vault as shown on Figure 14-2. The
vault was required because the wells to the east were installed on the Interstate 5 southbound
shoulder and the wells to the south, with the exception of PD-10, were installed outside the
boundaries of the landfill on the right-of-way for South 252nd Street. Well C-ll was
constructed in a similar manner as the aboveground native soil wells.

The Phase El wells were placed in the refuse and were constructed just like the Phase n refuse
wells. •' . -
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The specific construction characteristics for each well can be found in a separate binder.
Because the well details in the appendix do not show the liner penetrations, a detail of the
penetrations is shown in Figure 14-3.

14.1.3 Vacuum Manifold

The vacuum manifold is constructed of high density polyethylene (HDPE) pipe which connects
all on-site gas extraction wells to the motor blower/flare facility.

The vacuum manifold is sloped to provide drainage of condensate to low-point knock-out points.
Bend leg's are designed into the manifold routing to provide for thermal expansion and
contraction. Several different diameters of piping are used in the vacuum manifold system.
This is to minimize the pressure drop (vacuum loss) throughout the manifold system. Valves
are placed at intersections of the vacuum manifold system to allow the operator to isolate a
section of the system for repair, replacement, etc.

14.1.4 Condensate Drain System

The purpose of the condensate drain system is to collect, store, and then discharge condensate
that forms in the landfill gas system. The condensate system consists of the following
components:

• Condensate manifold
o Condensate collection tank
« Condensate manhole
o Vacuum operated condensate valves
o Condensate pumping system
• Vacuum system
o Automatic drip traps
• Scrubbers

A one line diagram of the condensate system is shown in Figure 14-4.

A discussion of each component in the system is contained in the sections below.

14.1.4.1 Condensate Manifold

The condensate manifold collects condensate that forms in the gas manifold and routes it to the
condensate collection tank. Figure 14-1 shows the layout of the collection manifold.

Condensate is drawn to the collection.tank due to the combined effects of the vacuum drawn on
the system and because the collection tank is located at the low point of the system.
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Condensate cleanouts are built into the condensate manifold. They provide access to the inside
of the manifold in case it becomes necessary to clear blockages in the pipe. They are spaced
on 200-foot increments.

The collection manifold is constructed of 4-inch-diameter HDPE pipe.

14.1.4.2 Condensate Collection Tank

The collection tank collects and stores condensate drawn from the landfill gas manifold. The
tank is 24-inches in diameter and 12-feet tall. It is made of fiberglass reinforced plastic and is
located on the west side of the motor blower/flare facility.

Condensate collects in the tank until the level reaches the high level setpoint. When it reaches
that level one of the condensate discharge pumps will turn on and pump condensate to the
condensate manhole. When- the level in the collection tank is reduced to the low level setpoint,
the pump turns off.

A high level alarm is activated if the water level in the tank gets too high. This might occur if
the selected condensate pump were to fail or if condensate were entering the tank faster than the
pump could pump it out.

14.1.4.3 Condensate Manhole

The condensate manhole collects condensate from several different places and then stores it until
it is discharged into the sewer system. The manhole is located on the south side of the motor
blower/flare facility.
Condensate arrives at the manhole from four sources. They are:

• The condensate scrubbers
• The auto drain traps
• The condensate collection tank
• Low point of the 12-inch landfill gas manifold located under the motor

blower/flare facility

Condensate collects in the manhole until the level reaches the invert of the discharge pipe. The
condensate then drains out to the Midway Sewer System. An 8-inch-diameter slide gate valve
located at the discharge can be shut to prevent condensate from going into the sewer system.

14.1.4.4 Vacuum Operated Condensate Valves

Because the gas and condensate manifolds operate at different vacuums, it is necessary to isolate
the two systems from each other. The vacuum operated condensate valves allow condensate to
pass from the gas manifold to the condensate manifold while maintaining a seal between the
systems.
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The valves are APCO #65.5 Air Release Valves. They have been installed upside down for use
in this particular application. See Figure 14-5 for a detail of the vacuum valve.

14.1.4.5 Collection Tank Pumping System

The purpose of the collection tank pumping system is pump condensate from the condensate
collection tank to the condensate manhole. This system consists of two condensate discharge
pumps, a pump control station, and the piping that connects the collection tank to the condensate
manhole.

Operation of the condensate discharge pumps is controlled at the condensate control station. A
selector witch allows you to select which pump will operate. The operating pump should be
selected so that pump run hours stay fairly well balanced.

A pump control switch sets the operational mode of the selected pump. The switch can be set
for HAND, OFF, and AUTO. The switch will normally be selected to the AUTO position.
The different modes of operation are described below:

1. OFF - The selected pump will not run, no matter what the level in the collection
tank is.

2. HAND - The selected pump will run continuously and will not stop until the
control switch is turned to the OFF position, the pump trips on overload, or
power to the pump is disconnected at an upstream breaker. '

3. AUTO - Operation of the selected pump is governed by the high and low level
switches in the collection tank.

In the event the operating pump experiences an electrical overload, the pump will stop and a
warning light (located at the control panel) will come on.

The pump control station also has a collection tank high level alarm. Below the high level alarm
is a reset switch to clear the alarm once the high level condition has been corrected.

14.1.4.6 Condensate Vacuum System

The condensate vacuum station functions to maintain the required vacuum in the condensate
drainage system. The vacuum is normally set about 20 inches WC above the blower inlet
vacuum. The station consists of two pumps, a vacuum tank, and a pump control station.

Operation of the vacuum system is controlled from the pump control station. A pump control
switch, one for each pump, sets the operational mode. The switch has three positions: TEST,
OFF, and AUTO. Each switch will normally be selected to the AUTO position. The different
modes of operation are described below:
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1. TEST-This mode checks to see if the pump is operational. The switch is spring
operated so that it will return to the OFF position once it is released.

2. OFF - The pump will not run, no matter what the vacuum in the system is.

3. AUTO - The pump will cycle on and off based on the what the vacuum setpoints
are.

The operational condensate vacuum setpoint is adjusted from inside the control station. There
are two adjusting screws located at the bottom of the station. One screw regulates the pump on
setpoint while the other regulates the span, or range, over which the pump will remain on.

Each pump has an overload reset button located on the front of the control station to reset the
pump in the event of an electrical overload.

14.1.4.7 Automatic Drip Traps

The automatic drip traps collect any condensate from the blower discharge side of the landfill
gas piping. There is one trap for each discharge line. The valves are connected to the irivert
of each pipe. Condensate drains from the pipe, through the valve, and to the condensate
manhole. The valves are designed to allow condensate to pass through without causing a loss
of vacuum in the condensate system.

14.1.4.8 Scrubbers

There are two scrubbers installed in the landfill gas system, each located as shown in Figure 15-
2. The scrubbers remove condensate from the gas stream by changing the direction of the gas
flow. Condensate is collected at the bottom of the scrubber where it drains to the condensate
manhole.

14.2 START-UP, INITIAL OPERATION

At this time, initial start-up procedures only apply to new gas wells that may be installed in the
future. The existing wells have already been put in operation, balanced and stabilized. Start-up
procedures for in-refuse wells are more conservative than the procedures for native soil wells
because of the possibilities for starting aerobic decomposition in refuse. Excessive aerobic
decomposition in refuse can start a landfill fire.
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14.2.1 In-Refuse Wells

Start-up procedures for new in-refuse wells include the following steps:

1. Adjust the valve to reach ambient or zero gauge pressure in the well.
2. Check the well velocity in feet per minute.
3. Monitor well after 24 hours of operation.
4. If well performance looks good, (stable methane percentage, low oxygen and no large

temperature increases) increase velocity. (10% increments are generally good).
5. Recheck well after 24 hours and continue to increase velocity.
6. Recheck well daily for 5 days.
7. If well output and conditions stabilize, monitoring can be reduced to once a week.

If the sequence of steps for well start-up is interrupted, the well should be monitored daily for
at least three consecutive days to insure that the well stabilizes in a safe condition.

14.2.2 Native Soil Wells

Start-up procedures for new native soils wells depend on the well's location and its distance from
probes and to the nearest area of refuse. The closer a well is to refuse, the more conservative
start-up procedures should be. On the other hand, if a well is installed far from refuse, the start-
up can be less conservative. The initial target vacuum for a native soil extraction well is 1-inch
H20 unless otherwise determined by the project engineer based on the above considerations.

At a minimum, start-up procedures for native soil wells should include the following steps: ^-^

1. Adjust the well to its initial target vacuum.
2. Check the well velocity in feet per minute.
3. Monitor the well after 24 hours of operation.
4. If well performance data does not indicate aerobic decomposition, readjust the well

vacuum to target if required.
5. If well performance data indicates a problem, reevaluate the target vacuum with the

project engineer.
6. Monitor well after an additional 48 hours of continuous operation.
7. Readjust well vacuum if necessary.
8. Monitor the new well and any nearby in refuse wells or gas probes after an additional

48 hours of continuous operation to check for increased temperature, vacuum, or other
indications of aerobic .decomposition.

9. If any of this data indicates a potential problem, the project engineer should again
reevaluate the target well vacuum.

10. If all data indicates a stable well condition, the well should be monitored on a weekly
basis.
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If the sequence of steps for well start-up is interrupted, the well should be monitored daily, at
least three more times to insure that the well stabilizes in a safe condition.

14.2.3 Condensate Drain System

Start-up procedures for the condensate drain system are as follows:

1. Obtain approvals to discharge, as required, from the Midway Sewer District.

2. Verify that the Midway Sewer District manhole is ready to receive condensate.

3. Open the 8" fiberglass slide gate SG-8-1 in the condensate manhole.

4. Prime the vacuum seal in the drain lines by filling the condensate manhole to the
8" overflow with water.

5. Open valves BV-2-1 and BV-2-2 for scrubbers #1 and #2.

6. Close valves BV-2-3 and BV-2-4 for the scrubber vents.

7. Open valves BFV-2-1 and BFV-2-2 for the landfill gas manifold drain.

8. Add water to the condensate collection tank to a level just above the low level
switch.

9. Check that all condensate manifold isolation valves and vacuum valves are open.

10. Select a condensate discharge pump and turn the control switch to AUTO.

11. Record the vacuum at the suction side of the operating blower.

12. Check that vacuum and pressure relief valves are operating correctly at vacuum
pump station.

13. Open inlet and outlet valves at the vacuum pump.

14. Start the vacuum pump and adjust the vacuum to 5 inches of mercury. As the
landfill settles, it may be necessary to increase the vacuum to allow adequate
vacuum to pull condensate out of low areas in the condensate manifold system.

CAUTION: Do not allow vacuum to exceed 20 inches of mercury in the
condensate system.
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14.3 START-UP AND NORMAL OPERATION

Normal start-up procedures depend on the length of time an individual extraction well or group
of wells have been off-line. For example, if the entire system goes down for a short period
(from 1 to 48 hours), then no adjustments are necessary prior to restarting the system. Table
14-1 outlines restarting procedures for a variety of conditions.

O

Table 14-1
Normal Well Start-up Procedures

Condition Start-Up Procedures

Entire field or group of wells off-line for
between 0-48 hours.

Individual well off-line for between 0-48
hours.

Individual well or group of wells off-line for
2 to 14 days.

Individual well or group of wells off-line for
over 2 weeks.

Restart gas and condensate system at
previous vacuum. No individual well
adjustment necessary.

Restart at last recorded well velocity
(velocity taken prior to shutdown
preferred).

Restart individual wells at 75 % of last
recorded velocity. Readjust individual
wells during normal monitoring over
several weeks. Restart condensate
system at last recorded vacuum.

Restart individual wells at 50% of last
recorded wellhead velocity. Monitor
after 48 hours of operation. Readjust
well during normal monitoring over
several weeks. Restart condensate
system at last recorded vacuum.

O

14.4 NORMAL OPERATION

The landfill gas collection system at the Midway Landfill operates continuously under normal
conditions. The vacuums and gas flows in the manifold and individual wells will normally
remain fairly stable and show minor fluctuations that depend on current barometric trends. The
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most important aspect of normal operations is maintaining a constant influence on the landfill
and surrounding areas.

14.4.1 Extraction Wells

Gas extraction wells should be kept under a steady vacuum. This vacuum will collect landfill
gas from a large underground area. This gas is routed through the well to the manifold. The
size of the underground area influenced by an extraction well depends on the strength of the
vacuum, soil type, and a number of other factors.

During normal operations, monitoring results from the in refuse wells, perimeter wells, and off-
site gas probes should be reviewed together. Reviewing the results together will make it easier
to detect potential gas migration problems.

Anytime adjustments are made to the extraction wells (particularly the perimeter wells) the off-
site probes should be watched carefully for any signs of gas migration.

Adjustments to the perimeter wells should be made immediately if migration is suspected to be
occurring. In addition, an analysis of the in-refuse wells near the migration site should be done
to determine what, if any, adjustments need to be made to the in-refuse wells. Monitoring
frequency at all off-site probes and wells near the migration point should be increased. The
monitoring results should be reviewed carefully to determine if further adjustments are required.
Increased monitoring and adjustments to the wells should continue until the threat of gas
migration has been eliminated.

14.4.2 Manifold

The vacuum manifold routes gas from the extraction wells to the blowers. Figure 14-6 is a
flow diagram showing the normal direction of the gas flow through the manifold. The gas flow
in the manifold should be steady under normal circumstances.

14.4.3 Condensate Drain System

During normal operation, the condensate drain system discharges condensate collected in the gas
collection system to the sanitary sewer. The drain system is virtually self operating. The only
adjustments necessary are occasional adjustments to the vacuum in the condensate system to
overcome differential settlement in the landfill.

14.5 ALTERNATE OPERATION

14.5.1 Extraction Wells

During conditions of alternate operation, the extraction wells will continue to operate normally
if the vacuum in the adjacent manifold is maintained.
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14.5.2 Manifold

During alternate operation conditions, the manifold valves will have to be adjusted to route the
gas flow in the desired path. Examples of various valving scenarios are shown on Figures 14-7
through 14-10.

These figures indicate only a few examples. The important thing for the operator to remember
is that gas can flow in either direction in a gas manifold, and any valving scenario that maintains
a vacuum on the largest possible portion of the landfill is appropriate for short-term operation.

14.5.3 Condensate Drain System

When'the condensate drain system is operating under "alternate operation" as described above,
certain portions of the condensate manifold may be valved off to assure against drawing air into
the condensate system from an open gas manifold and thereby reducing the condensate system
vacuum.

Unlike the gas collection manifold, there is not a great deal of flexibility built into the
condensate system with respect to taking certain portions of the system off-line. However, tests
have shown that portions of the system can continue to collect condensate for periods up to one
week without discharging to sanitary sewer. Therefore, the condensate system will continue to
operate as a "condensate storage facility" even if portions are valved off from the main system
for a period of up to one week. It is important to effect any repairs to the gas manifold within
this time period to allow normal operations to resume.

14.5.3.1 Condensate Discharge

Conditions may require the termination of the direct discharge to the Midway sewer system.
This issue will most likely be initiated by the Sewer District. This requires that all condensate
be hauled to an acceptable location for discharge. The location must be determined by the
operations supervisor. The following procedures are required when performing this task.

« Have a tank truck ready.

• Provide a self-priming or submersible pump for withdrawal of condensate from
the condensate manhole. Provide an isolation valve on the discharge end of the
pump hose, or a drain at the pump, to prevent spillage of condensate following
the filling of the truck.

CAUTION: Never pump condensate lower than one foot above the bottom of
the manhole. Liquid must cover the lower drain lines to provide a seal for the
vacuum in the manifold. Should the liquid be drawn below the pipes and the
system start to suck air, immediately shutdown the motor blower/flare facility and
refill the manhole so the pipes are covered. The system may be restarted after
the water is added.
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• Close the 8-inch fiberglass slide gate SG-8-1 in the condensate manhole.

« Pump the manhole when the level of condensate rises within 11 feet of the top of
the manhole.

• Plan the haul and return trip within the time allowed for system storage. The
time between trips is determined by monitoring the fill rate of the condensate
manhole.

In performing condensate storage by the above procedure, the system storage level is limited by
the operating vacuum in the gas manifold.

This approach will be adequate for short term hauling. Should hauling of condensate be required
for an extended period of time, a storage tank should be considered. This will be less labor and
equipment intensive.

14.5.3.2 Condensate Scrubber

The condensate scrubbers normally drain on a continuous basis to the condensate manhole.
When work is required in the condensate manhole, the scrubbers may serve as a very short-term
storage vessel. The time is dependent on the volume of condensate collection precipitating. To
perform this, refer to Figure 14-4 and perform the following tasks:

• Close ball valves BV-2-1 and BV-2-2 to stop flow from the scrubbers to the
condensate manhole.

Close butterfly valves BFV-2-1 and BFV-2-2 to terminate flow from the landfill
gas collection header.

Each scrubber will provide storage for about 90 gallons of condensate before the blowers start
surging. Surging can occur when the condensate collects in the low point of the manifold. To
correct this, the accumulation of condensate must be drained to the manhole by opening valves
BV-2-1, BV-2-2, BFV-2-1, and BFV-2-2.

14.6 EMERGENCY OPERATION

Emergency operations of the landfill gas extraction system would be necessary after major
pipeline breaks or during a underground refuse fire. In the event of major breakage, the section
of pipe should be isolated and repaired. In the case of a suspected underground refuse fire, all
wells in the area should be turned down to a condition of zero gauge vacuum and monitored for
carbon monoxide and temperature.

14.7 MONITORING

Daily monitoring of the gas extraction.manifold is recommended so that problems in the system
can be quickly identified and corrected. Weekly monitoring of individual extraction wells
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provides a continuous database of well performance. This database is analyzed to determine
well adjustments and balance the extraction system. A list of the measurements that are made
during routine manifold and well monitoring includes the following: .

14.7.1 Daily Manifold Monitoring

o Manifold vacuum
o Manifold methane and oxygen concentrations
» Gas stream velocity in manifold

14.7.2 Weekly Extraction Well Monitoring

o Wellhead vacuum . .
o Wellhead methane and oxygen concentrations
• Wellhead carbon dioxide concentrations
o Wellhead temperature
« Gas stream velocity in wellhead

^
14.8 . DATA ACQUISITION AND ANALYSIS

The most important consideration during data collection and analysis is accuracy. All
instruments should be calibrated prior to use and all unusual readings should be repeated. All
field notes should be checked for completeness and accuracy and all calculations should be
double checked. s~~\

14.8.1 Data Acquisition

It.is important that the gas extraction system be operating normally to allow for accurate data
collection. Readings taken while the gas extraction is shut down or in a fluctuating condition
(e.g. - within 1 hour of start-up) are not accurate indicators of well performance. Note -
Manifold readings may be taken any time the system is operating to evaluate operating
characteristics or problems.

Data collection techniques are identical for manifold monitoring and extraction well monitoring.
All monitoring ports throughout the gas extraction system are 1/2" NPT ports with threaded
plugs. All monitoring instruments should have adapters that create tight seals in the monitoring
ports.

The following are the steps for each type of measurement required are listed and additional
information for each instrument is available in the instrument manual.

<> Pressure. Insert probe into measuring port, seal and record measurement in inches
WC (water column). Allow instrument to stabilize before recording. Measurements
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can be made with analog gauge such as a Dwyer Magnahelic, or digital electronic
instrument such as a Neutronics PDM-10.

o Methane and Oxygen. Insert probe into, measuring port, seal and allow instrument
pump to draw sample gas through instrument. Set instrument to percentage oxygen and
continue to sample until oxygen reading stabilizes, switch meter to percentage methane
and record oxygen and methane readings in percent by volume. Methane and oxygen
readings should be taken with an instrument such as the Gastech Model 1939 OX.
Individual oxygen and methane meters with squeeze bulb sampling pumps can also be
used for these measurements.

• Carbon Dioxide. Insert probe into sampling port and seal. Place male fitting (on the
end of sampling hose) over female fitting on sample bottle. Squeeze hand aspirator
bulb three times to clear previous sample from hose. Push male fitting into sampling
bottle depressing spring; bottle must be kept upright), then squeeze hand aspirator 19
times. Following the 19th stroke remove male fitting from sample bottle allowing the
spring loaded cap to close. The sample bottle should then be inverted until all-gas
bubbles pass through the fluid, then returned to the upright position, invert the bottle
a second time and return to the upright position. The carbon dioxide concentration in
percent by volume can then be read off the scale on the side of the sampling bottle.
The sample bottle should be cleared after each reading by depressing trie cap while the
bottle is upright. Carbon dioxide readings should be taken with an instrument such as
the Fyrite CO2 Indicator with a 0 - 60% scale.

• Well Temperature. Insert probe into sampling port and seal. Allow reading to
stabilize and record the highest temperature seen to the nearest degree F. Temperatures
should be measured with an instrument such as the Fluke digital thermometer.

o • Gas Velocity. Set probe length to match the diameter of pipe to be measured and
orient the probe so that the gas flow will pass through the probe, then insert probe into
sampling probe and seal. Switch the instrument on and take the reading on the lowest
scale that is not "pegged". Velocity measurements should be made with an instrument
such as the Kurz Model #441 Anemometer and recorded in feet per minute (FPM).

• Data Recording. Field data should be recorded in bound field notebooks with water
hard paper. In addition to the data, field books should also contain the following
information; note taker, instrument operator, weather conditions, time of day, AM and
PM barometer readings, and any pertinent comments or notes. Extraction well data can
also be entered directly into a hand-held computer if that equipment is available.

14.8.2 Data Analysis

The data collected during vacuum manifold monitoring is used as an indicator of overall system
performance. Current operating parameters should be constantly compared to previous data.
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The gas extraction system should operate in a stable condition, and any significant changes in
the operating parameters should be analyzed. Large swings in barometric pressure will cause
significant changes in the system.

The data collected during extraction well monitoring should be analyzed on a well by well basis
to evaluate well performance and determine needed adjustments. To understand the analysis of
extraction well data it is important that the basic concepts of aerobic and anaerobic
decomposition be clearly understood. The methods used to analyze well data are presented
following a explanation of aerobic and anaerobic decomposition.

Refuse decomposition proceeds with or without air. Aerobic decomposition is decomposition
in the presence of air. In aerobic decomposition, refuse + air are changed into CO2 + H2O +
Residual N2 + Unconsumed air + heat. The heat produced in this chemical transformation is
capable of igniting the refuse and starting an underground fire.

Anaerobic decomposition is decomposition in the absence of air. In anaerobic decomposition,
refuse + H2O are changed into CH^ 4- CO2. This is the type of decomposition which produces
methane (CH4).

By understanding these two different types of decomposition, it is possible to adjust individual
extraction wells to minimize the amount of aerobic decomposition and maximize anaerobic
decomposition taking place in the refuse surrounding the extraction point.

14.8.3 Gas Extraction Point Adjustment Determinations

Once the operator understands the relationship between aerobic and anaerobic decomposition,
he can determine how to best adjust or "balance" a gas extraction point. To determine the
relative amounts of aerobic and anaerobic decomposition taking place in the landfill, it is
important to know how to interpret the data recorded when the extraction point is monitored.
Typically, the measurements taken at each extraction point are the following:

o Methane (CH4) percentage
« Oxygen (O^) percentage
« Carbon Dioxide (COJ percentage
o . Extraction Point Pressure (or vacuum) in inches water column ("WC)
o Temperature (°F)
o Gas Stream Velocity (f/m)

Using these readings it is possible to determine, within + 10%, the entire chemical makeup of
the gas from the extraction point and the anaerobic vs. aerobic decomposition ratio.

The first step in this process is to determine what percentage of the gas stream being sampled
is water vapor. This is done by using a formula derived from Antoine's Number, a formula to
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determine liquid vapor concentration in a gas stream based on the partial pressure of H2O vapor.
The constants shown are determined empirically. The formula is as follows:

(7.89- 3207 )
in 395.43+ r

WV = — X 100
Pa + Pt

Where:

Wv = Percent Water Vapor
T = Gas Stream Temperature (°F)
Pa = Atmospheric Pressure (WC)
Pt = Gas Stream Pressure (WC) - (Note: if gas stream being sampled is under

vacuum, the gas stream pressure will be a negative number.) .

. For example, the percentage of water vapor in a particular gas collection trench can be
determined with the following readings:

Trench Number = X
CH4% = 21
O 2 % = 7
CO2% = 1 8
Temperature (°F) = 4 8
Pressure (WC) = -5.0
Gas Stream Velocity (fpm) = 300 -
Barometric Pressure (WC) = 29.5 Hg x 13.57 WC/Hg = 400 WC.

Inserting the temperature, trench pressure, and barometric pressure in the above formula, the
percent water vapor equals 1.15 percent. (For these calculations, 1 percent is acceptable.)

After using this formula to find the water vapor percentage, the major constituents of the gas
stream can then be determined. However, based on past experience, it is assumed that the gases
present in landfill gas, whether a product of aerobic or anaerobic decomposition, are CHt, 02,
C02, N2, and H2O (vapor). Some trace particulates of various elements might be present in the
gas. However, for this discussion we will ignore their presence since they will not affect the
overall performance of the system. Therefore, since CHt, O2, and CO2 values have been
determined by field instrumentation, and the percentage of water vapor has been calculated in
the above formula, the remainder of the gas in the sample can be assumed to be N2.

The percentage of aerobic and anaerobic decomposition in the gas stream can now be calculated.
On average, anaerobic decomposition produces CH, and CO2 at a ratio of approximately 1.45:1.
Therefore, by taking the percent of CHt recorded on a sample in the field and dividing by 1.45,
the percentage of anaerobic CC^ can be determined. The balance of CO2 present represents
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aerobic CO2. Also, free, (ambient) air contains approximately 21 percent C^ and 79 percent N2,
a ratio of 1:3.76. Multiplying the percentage of O2 recorded in the field by 3.76 will indicate
the amount of N2 in the gas stream associated with free air. The balance of N2 present in the
gas stream can be considered residual N2 (or N2 left over from the consumption of oxygen in
the process of aerobic decomposition).

GAS COLLECTION SYSTEM ANALYSIS EXAMPLE:

Using the same sample readings described previously:

Trench Number = X
/-ITT a ? = 2 1

O2% = 7
CO2% = 18
Temperature (°F) = 48
Pressure (WC) = -5.0
Gas Stream Velocity (fpm) = 300
Barometric Pressure (WC) = 29.5 Hg x 13.57 WC/Hg = 400 WC

Calculated Quantities:

H2O% ( W v from formula) = 1 %
Anaerobic CO2 (21% OV 1.45) = 1 4 %
Aerobic CO2 (18% total CO2 - 14% anaerobic COJ . = 4%
Total N2% (100% - CH4% - O2% - total CO^c - H2O%) = 53%
N2% from free air (7% 02 x 3.76) = 26%
Residual N2% (53% total N2 - 26% N2 from free air) = 27%.

After going through the above calculations, should you find the numbers do not make sense (for
example, getting a negative value for a percentage of gas), two things may have occurred.
Either (1) the readings taken are faulty, or (2) some other gas generation process is occurring
near the gas collection trench. After verifying your results, if the collection rate from a specific
gas collection trench is critical to maintaining a flame in the flare or to preventing lateral or
vertical migration of landfill gas, send a sample of the gas to a lab for a chromatograph reading
for major constituents, including hydrogen. Discuss with the laboratory proper sampling and
storage requirements as landfill gas is sensitive to sunlight, gases can react with each other and
gas can.escape through porous containers. Hydrogen affects the constituent percentages because
it adds five times the hydrogen percentage to the CH4% reading on a combustible gas meter.

To maintain the greatest "vacuum curtain" around the portion of the landfill influenced by the
extraction system, and reduce odors most efficiently, it may be necessary to draw a higher flow
from certain extraction points than the above minimum percentage of CHj would allow. By
studying the amount of residual N2 in the gas stream sampled, it is possible to ascertain the
percentage of the influenced area around the extraction point which is under aerobic
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decomposition and the percentage which is under anaerobic decomposition. 30% maximum
residual N2 is an acceptable indicator of the percent of aerobic decomposition allowable in the
vicinity of the extraction point. The formula for adjusting a well based on maximum allowable
residual N2 is as follows:

L,4.76* (Mr-Mr)
2 l [ 376

Where:

Vj = Measured Velocity
V2 = Target Velocity
Nr = Residual Nitrogen (%)
Nrt = Target Residual Nitrogen (%) •

Using again, the same sample from above:

Trench Number • = X
CH4% = 21
O2% = 7
CO2% = 18
Temperature (°F) = 4 8
Pressure (WC) = -5.0
Gas Stream Velocity (fpm) = 300
Barometric Pressure (WC) = 29.5 Hg x 13.57 WC/Hg = 400 WC

Calculated Quantities:

H2O% (from formula) = 1 %
Anaerobic CO2 (21% CH* / 1.45) = 14%
Aerobic CO2 (18% total C02 - 14% anaerobic COj) • = 4%
Total N2% (100% - CH4% - O2% - total CO2% - H2O%) = 53%
N2% from free air (7% O2 x 3.76) = 2 6 %
Residual N2% (53% total N2 - 26% N2 from free air) = 27%.

By inserting the appropriate figures into the formula, the amount of adjustment necessary for the
gas in this example to reach the maximum amount of residual Nj acceptable is as follows:

•v - ? OQ. r h.4.76 *(27% -30%) 1
2 376

V2 = 311 feet/minute
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It is important to note that while using.this formula to adjust a well based on target N2 will, in
most cases, greatly reduce the possibility of starting a landfill fire, temperature and O2% should
be closely watched. However, the temperature in an extraction point in native soil will be a
slow indicator of increasing temperatures in the influenced area of the landfill. Therefore,
extraction points in native soil which have a residual N2 percentage close to the target should
also be tested for CO. If CO amounts greater than 25 ppm are detected, the extraction point's
flow should be reduced and the CO levels checked daily until the level of CO drops below 10
ppm. The percentage 02 should be checked only to guard against allowing a great amount of
O2 into the system, thereby increasing the possibility of creating an explosive mixture in the gas
manifold.

By using the above parameters for adjusting extraction points, we can now determine with a
reasonable amount of certainty how high a flow to draw from each extraction point.

It is necessary to keep in mind that the different parameters discussed above are only
generalizations which should work in most cases. All extraction points well react differently
based on the surrounding geology, amount of cover, etc. Therefore, it is important that the
operator in the field "get to know the wells". A knowledge of a well's history is the most
important factor in determining what, if any, adjustments should be made.

14.9 OPERATION ADJUSTMENTS

Individual gas extraction well adjustments are made following the analysis of the monitoring
data. The changes that are indicated by the data analysis are not the only factor in determining
operational changes. General guidelines for the safe operation of in-refuse extraction wells, and
the native soils well have been developed to limit the amount of aerobic decomposition near the
extraction point and reduce the potential for creating a explosive mixture of methane and oxygen
in the vacuum manifold. These guidelines are as follows:

14.9.1 In-Refuse Wells

o 30% methane (CH4) minimum
o 30% residual nitrogen (N^ maximum
o 2 % oxygen (O^ maximum
o 105 °F maximum

Generally in-refuse extraction wells should be throttled down if these parameters are exceeded.
Wells with flows less than 3 cfm (velocity less than 150 feet per minute in a 2" wellhead) are
not throttled down any further unless increasing temperature is observed with a residual nitrogen
level over 30%.

14.9.2 Native SoU Wells

« 30% residual nitrogen (NJ maximum
• Well temperature maximum = 10°F above ambient air temperature /
• individual well temperature maximum = 10°F above adjacent native soil wells
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Generally native soil extraction wells should be throttled down if these parameters are exceeded.
Wells with flows less than 3 cfm (velocity less than 150 fpm in a 2 inch wellhead) are not
throttled down any further unless increasing temperature is observed with a residual nitrogen
level over 30%. Specific native soil wells can also be throttled down to reduce the amount of
aerobic decomposition (or high temperatures) observed in a nearby in-refuse extraction well.
Native soil wells with high concentrations of oxygen (greater than 7%) and high flows (flows
over 20. cfm or 1000 fpm velocity in a 2 inch wellhead) may be throttled down to decrease the
oxygen concentration and/or increase the methane concentration in the extraction manifold if
there is not a specific nearby off-site methane concentration buildup.

14.10 ROUTINE MAINTENANCE

A conscientious preventative maintenance program combined with prompt corrective maintenance
will reduce system downtime and improve operations efficiency. Frequent system inspections
are the main form of preventative maintenance for the gas extraction system. Inspection
frequency and specific inspection points are listed in Table 14-2.

When performing maintenance on landfill gas system equipment, be sure to follow the tag out
procedures in Section 3.3 of the Midway Landfill Site Safety Plan so that inadvertent operation
of the equipment under repair will not occur. This will help prevent personal injury and/or
equipment damage.
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Table 14-2
Maintenance/Inspection Schedule

Landrdl Gas System o
System
Component Maintenance/Inspection Required and Results Expected Frequency

Extraction Wells Monitoring port repair. As Required

If the monitoring port is leaking badly you can hear a loud
sucking noise. These ports generally leak slightly and no repair
is needed for this type of leak. To repair a port the threads can
be chased with a 1/2" NPT tap and/or the plug can be replaced.
During this type of repair the well should be under a vacuum to
stop any exposure to landfill gas. If a monitoring port becomes
too oversized to repair it can be glued in place and a new port
can be redrilled and tapped.

Valve replacement. • As Required

If the well control valve is cracked or will not adjust it should be
replaced with an identical 2" valve. These valves are
inexpensive and fairly easy to replace. Before replacing a valve
the original well velocity should be measured. To replace a
valve the wellhead should be removed and the well capped with
a greased fitting. During this process personnel should be
protected from landfill gas exposure with a fan or protective,
respirators. The valve is threaded in place so it can be removed
by unscrewing the wellhead assembly from the valve. When the
valve is removed the line to the manifold will be under vacuum
and air will enter the extraction system. The amount of air
entering the system can be reduced if all needed parts are on
hand and only one repair is performed at a time. When the
valve has been replaced the wellhead should be reinstalled, again
using fans or respirators to protect personnel. Once replaced,
the valve should be adjusted so the velocity measured at the
wellhead is back to normal. This adjustment should be
rechecked after 1 hour.

Extraction well connections, wellheads, and flex connectors are Weekly
to be routinely inspected to assure proper operation.

O
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Table 14-2 (cont)
Maintenance/Inspection Schedule

Landfill Gas System

System
Component Maintenance/Inspection Required and Results Expected Frequency

Extraction Wells
(cont)

Vacuum Manifold

Pipe joint repair. Leaking wellhead fittings can sometimes be As Required
repaired by applying solvent and glue to the leak, the system
vacuum will draw the glue into the leak and seal it. If the leaks
are too large to be repaired or a fitting is cracked the wellhead
can be removed from the well and the problem can be cut out
and replaced. The procedures for wellhead removal will be
identical to those used when replacing a valve.

Surface repair. The ground surface around extraction wells As Required
should be kept slightly mounded. This mounding tends to keep
surface water from pinning down the well. Sometimes due to
settlement, the ground surrounding an extraction well sinks.

Leak repair. When a manifold leak is found a determination As Required
must be made as to whether the repair can be completed with the
area under a vacuum. Typically, most HDPE repairs will be
performed with the system off-line (or at least the repair section
valved off). If the manifold leg must be valved off and isolated,
repairs can not be made until the section of pipe is totally
isolated from any extraction wells or personnel are properly
equipped with fans and/or protective respirators as called for
under the site safety plan. After the proper precautions have
been taken the repair can be completed. It is important to have a
good supply of replacement parts for the manifold on hand to
reduce system downtime. When repairs to the system have been
completed and the system appears to be operating normally all
manifold readings should be repeated to ensure that multiple
leaks are detected.

Pipe slope adjustment. Pipe slope adjustments can normally be As Required
made with the extraction system on-line. Pipe slopes frequently
need to be increased so that condensate will drain to the vacuum
valve stations. These slopes are increased by adjusting pipe
supports, adding additional supports, or cribbing underneath the
manifold. A hand level, marked in percent slope is used to
check pipe slopes. If condensate is draining with the direction of
the gas flow a pipe slope of 1-2% is required. For condensate to
drain against the gas flow, slopes of 3-4% toward the condensate
traps are needed.

All manifold expansion loops shall be inspected routinely to . Weekly
assure proper position and to check for any obstructions.

All manifold valves shall be exercised regularly to ensure proper Monthly
operation.
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Table 14-2 (cont)
Maintenance/Inspection Schedule

Landfill Gas System O-
System
Component Maintenance/Inspection Required and Results Expected Frequency

Condensate Vacuum Pump Maintenance. Refer to the vacuum pump As Required
System maintenance manual provided with the equipment for specific

maintenance requirements. Typically, maintenance to the
vacuum pump will include oiling, belt adjustment, and
component replacement.

Condensate Discharge Pump. Refer to the condensate discharge As Required
pump maintenance manual provided with the equipment for
specific maintenance requirements. Typically, maintenance to
the vacuum pump will include oiling, belt adjustment, and
component replacement. A spare condensate discharge pump has
been included in the system to allow for continued system
operation during repair/maintenance to one of the condensate
discharge pumps.

Vacuum Valve Station. Typical maintenance to the vacuum As Required
valve station will include cleaning and/or replacement of the
inverted air release valve. Isolation valves and piping unions are
provided in each vacuum valve station to facilitate the removal of
air release valves for repair/replacement. The vacuum valve
station should be isolated from both the gas and condensate
collection systems prior to removal of the air release valve.
Repair/replacement of the air release valve should be
accomplished within 2-3 hours of removal from the system to
allow for continuous system operation.

All connections between the vacuum manifold and the vacuum
valve stations shall be inspected regularly for leak tightness and
un-even settlement.

_ Cohdensate Drain Piping. The condensate drainage piping may As Required
collect sediment which can eventually clog the drain system.
System cleanouts are provided every 200 feet along each
condensate drain pipe (see Figure 14-1). Cleaning of this system
should only be required on an as-needed basis.

To clean the condensate drain piping you need to first turn off
the vacuum pumps. Release the vacuum on the system by
opening the vent plug on the condensate cleanout flange. Open
the condensate collection tank and install a submersible pump.
Run the pump discharge to the condensate manhole. The pump
will be used to keep the collection tank from overflowing while
the water jet is on. Remove the cleanout flange and insert a
water jec hose into the pipe. Run the hose down the pipe far
enough to clear the blockage. Once the pipe is clear, remove the
water jet and reinstall the cleanout flange. Pump any water and
debris out of the collection tank before closing it. Turn on the
vacuum pumps to restore vacuum to the system.

O
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Table 14-2 (cont)
Maintenance/Inspection Schedule

Landfill Gas System

System
Component Maintenance/Inspection Required and Results Expected Frequency

Condensate Isolation Valves. Exercise all valves associated with Yearly
the condensate system.

Condensate Scrubbers. Check the pressure at the vacuum ports Quarterly
on both sides of each-scrubber. A high differential pressure (>2
inches WC) indicates the MistMaster™ pad in the chimney basket
is becoming plugged. Clean or replace the pad.
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14.11 TROUBLESHOOTING

The early detection of system problems will reduce system downtime and keep corrective
maintenance jobs simple. It is important that personnel visually inspect the entire manifold at
least once a week and check manifold conditions at the blower and each manifold leg daily.
These inspections are listed in Section 14.10. The blower feed and manifold leg measurements
that should be made include methane and oxygen percentages, pressure readings, and gas stream
velocities. Table 14-3 is a troubleshooting guide for use in the gas collection system.

o

Table 14-3
Troubleshooting Guide for the Gas Collection System

Indicators/
Observations

Probable
Cause

Solutions

Excessive
Oxygen in
Manifold

Reduced velocity/
increased vacuum
in manifold

Vacuum Readings that indicate a large leak include reduced methane
system leak concentration, elevated oxygen readings, reduced vacuum, and increased

velocity readings in the blower feed line or a single manifold leg. If
these conditions are seen in the blower feed line, all exposed pipe
between the blower feed measuring port and the manifold leg separations
should be visually inspected and conditions in each manifold leg should
be checked immediately. Once the manifold leg with the leak is
identified, that leg should be isolated and repaired.

Flow Reduced velocity readings and possible increases in vacuum and methane
Restriction concentration readings at the blower feed or in specific manifold legs

indicate a flow restriction in the system. Typical causes of flow
restrictions are partially closed leg valves, water buildup in the manifold,
or ice formation in the manifold. To locate a flow restriction the
problem leg must first be identified. If all the valves controlling the
restricted section of manifold are in normal (open) operating positions
inspect the manifold leg. Check all low spots in the manifold for
condensate build up by jarring the pipe or lifting it with a steel bar.
Sections of pipe blocked by condensate will be heavier than other
sections of pipe and water can sometimes be heard sloshing in the
pipeline.

If a condensate buildup is located, the nearest downslope vacuum valve
station should be inspected. If the valve station is operating normally,
increase the pipe slope between the blockage and the nearest down slope
vacuum valve station. It may also be necessary to increase the vacuum
in the condensate drain system if vacuum in the drain system is less than
the vacuum in the gas manifold at that point. Pipe slope adjustment
and/or vacuum adjustments should remove condensate caused flow
restrictions.

c
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Table 14-3 (coat)
Troubleshooting Guide for the Gas Collection System

Indicators/
Obserrations

Probable
Cause

Solutions

Rhythmic Manifold A surge in the blower feed line or a manifold leg will cause rhythmic
fluctuations in Surge fluctuations in vacuum and velocity measurements. A surge can affect
velocity or blower speed and put additional strain on that equipment. Surges are
vacuum in usually caused by a buildup of condensate in the manifold. The location
manifold of a surge can be found by identifying the problem leg and inspecting .

that line on foot. A condensate surge sounds like a wave breaking in the
manifold.

The solution to a surging area involves re-sloping the affected length of
pipe to increase pipe slope to the nearest vacuum valve station.

14.12 RECORDS AND RECORDKEEPING

It is important that current gas extraction system data be available to field operators. Copies of
all field notes, extraction well data, and daily monitoring records should be maintained in the
landfill field office. Extraction well data should be stored on weekly spreadsheets and filed by
date. Daily monitoring records should be kept in notebooks that remain on-site.
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OPERATOR NOTES AND COMMENTS

Midway LanJfU 21-1S50-15
O&U Manual 14-37 December 1992



15. MOTOR BLOWER/FLARE FACILITY

15.1 DESCRIPTION

The motor blower/flare facility is located in the northwest corner of the landfill site. The system
generally consists of:

o Blowers

• Flares

• Electrical service and control system

• Flame safeguard system

o Alarm system

The function of the motor blower/flare facility is to withdraw landfill gas from the manifold and
efficiently bum the gas. The flares provided for this project incorporate design features to meet
the Best Available Control Technology (BACT) at the time of this installation.

There are numerous operational features incorporated into the system to insure safe and efficient
operation. The operations personnel should familiarize themselves with the features of the
system to achieve safe and reliable operation. These features include:

• Automatic relight of flare on loss of flame - one try

o Loss of flame alarm if the flare does not relight

o System shutdown and alarm for high flare temperature

o Flare pilot verification prior to main burner start-up

o High flare temperature alarm

• Low flare temperature alarm

• Explosion relief valves for system protection in the event of backflash

• Flame arresters to inhibit flame migration in the event of backflash

All major components, with the exception of the flares, are located under the cover structure on
the blower pad. The electrical service and controls are located in the control room. The control
room has space for the operator to perform the recordkeeping duties associated with the
operation and maintenance.
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An outline diagram of the system components is shown in Figure 15-1. The valve and piping
system at the motor blower facility is shown in Figure 15-2. This figure shows an example of
the landfill gas flow path through the blower facility.

15.1.1

15.1.1.1

Blower

Introduction

The blowers create a vacuum on the gas collection' header to allow the withdrawal of gas from
the landfill. Following gas withdrawal, the blowers then feed the landfill gas to the flares for
combustion.

The size of the blowers is intended to provide a wide range of flows and pressures. The .blowers
are rated at 1500 SCFM at 62-inch water column at high speed. The blowers are equipped with
spare belts and sheaves to allow for flow adjustment of each blower. This will be necessary as
the landfill gas production decreases.

Peak conditions require that two blowers and four flares operate together. The third blower is
a standby unit to provide standby service in the event of service or repair to a unit. .

The blower is specially designed for landfill gas service. It is constructed to eliminate the
potential of sparking that could cause explosion or backflash.

15.1.1.2 Effect Fronr and Oa Related Items :

Proper operation of the blower(s) is essential. Operation of the blower affects the following
items:

o The ability to withdraw gas effectively to prevent gas migration. Too low a
vacuum level in the well will not provide proper gas draw to the well.

o The vacuum level in the gas manifold. Manifold vacuum must be high enough
to provide adequate adjustability at each well.

o The discharge pressure for flare gas combustion must be adequate to overcome
pipeline system losses. between the blower and the flare.

• The emission level of the flue gas.

e Energy efficiency of operation.

S~\
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15.1.2 Flare

15.1.2.1 Introduction

The performance criteria for the flares are governed by Puget Sound Air Pollution Control
Authority (PSAPCA). The design criteria states that the flue gas discharge needs to meet the
BACT for each flare. South Coast Air Quality Management District (SCAQMD) standards have
been a focal point for the regulations and requirements for this area.

The flares are designed to perform in accordance with the information noted in Table 15-1.
Each flare is rated for a maximum flow of 750 Standard Cubic Feet per Minute (SCFM),
assuming 55 percent methane by volume. However, it is possible to operate at a higher flow
rate as long as the maximum BTU loading is not exceeded.

The burner design allows for the maximum mixing of air and gas to create the most uniform
blend of gas for combustion. Air into the burner chamber is manually regulated by the operator
through louvers (Figure 15-3). The objective of air regulation is to maintain a set temperature
of the combusted flue gas. The louvers are constructed to allow retrofit of automatic positioners
at a future date, should they be required.

Inside each flare is a thermocouple which is used to measure temperature. Flare temperature
is displayed on the blower control panel.

Six sample ports have been installed in each flare to allow sampling of the combusted gas.
There are four primary ports and two secondary ports.
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Figure 15-3.
Flare Damper



Table 15-1
Flare Design Parameters

02
CH4
C02
N2
BTU Loading-million BTU/hour
Landfill gas flow rate-SCFM

• Landfill Gas temperature-deg F
Ambient Air temperature-deg F
Altitude
Combustion retention time (min)

at 1500 degrees F.
'Estimated Actual Retention Time
Required turndown ratio
Periodic slug of entrained H2O
Housing freeboard above Main

sampling ports
Miscellaneous hydrocarbons
H2S

Low
BTU

13%
20%
20%
47%
1.5 .
200
40
10

400 feet above MSL

0.5 seconds
1.3 seconds

4:1
0.5 gallons

7 feet

0.5%
100 ppm

High
BTU

1%
55%
41%
3%

24.75
750
110
90

The safe and efficient operation of the flares is dependent on satisfactory operation of other
related items in the system. Other items in the flare system are:

» The flame arrester is a safety device to protect the system from backflash
combustion into the system.

o A motor operated butterfly valve isolates the gas from the flare. It operates from
the flame safeguard unit and system controls.

. • The thermocouple provides measurement of the temperature in the flare stack.
The temperature indication is displayed at the control panel.

« The controls provide the logic for the operation of the system and the monitoring
of the flares. The controls allow the operator flexibility in the combination of
motor blower/flare facility components.
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15.1.2.2 Effect From and On Related Items . ^~.

The flare is the focal point of the final by-product of landfill gas withdrawal: emissions. It is
therefore essential that the operation of the flare(s) is within the allowable performance limits.
The operation of the flares has impacts on, and is impacted by, the following:

o Ability of the flue gas to meet the permit emission limitations set forth by
PSAPCA

• The blowers ability to pump the gas through the burner

« The thermocouple to accurately display the temperature

• The main landfill gas fuel valve operation

o The pilot and pilot gas valve operation

o The flame arrester

15.1.3 Electrical Service and Control System

15.1.3.1. Introduction

The motor control center and flare controls are located in the control room. The main switch
gear, motor starters, motor circuit protection devices, and flare control panels are located here
to provide a suitable environment for the equipment and the operator.

Some of the facility is classified by the National Electrical Code as class I, division 2, group D;
otherwise known as explosion proof. This area is shown on the construction plans and consists
of an area 10 feet around the blowers, flares, piping, and 18 inches above the top of the

.blowers. The control room is outside this area and is classified NEMA 1 which doesn't require
explosion proof rated equipment.

The control system for the motor blower/flare facility is comprised of duplicate controls for each
flare control system. The controls on the control panel are:

• Blower selector switches

o Flare control system green operation light

• High and low temperature red warning lights

o Flare temperature indicator

Midway Landfill 21-1550-15

O&M Manual 15-8 December 1992
O



[ Flare 1

O

Flare 3

0 O

O O

Flare 2 ~

0 O

O O

Flare 4 |

0 O

O O

Flare 1
Select Blower Flame

O F F 1 2 3 O n '

Low
Temp.

Hi
Temp.

Typical 4 Places

Detail A

-FLARE TEMPERATURE DISPLAY

NOTE: Flares 2 and 4 have been removed, but their
controls and indicators are still installed.

Figure 15-4.
Blower Control Panel



The-control panel also has space for future expansion of controls. There is space available for
the addition of a controller to automatically control air to the flare burner. This addition will
occur if PSAPCA requires this added control due to regulatory changes, or if testing of the flue
gas demonstrates the need for added1 control.

15.1.3.2 Effect From and On Related Items

The electrical service and control system has an immediate effect of the operation of all
electrically powered and controlled items. Loss of electrical service, or improper operation of
control systems can impact the correct operation of the entire gas migration control system. The
items related to the electrical service and controls are:

• The main power service to all electrically powered equipment

o The control circuits for the equipment powered by three phase power

• Single phase power

• Temperature indication for the flares

• Alarm system will operate during a main power outage but will only report loss
of power; not other alarm functions

• Safety shutdown features for the flare feed system

• Flare pilot ignition and operation

• Landfill gas fuel valve operation

15.1.4 Flame Safeguard System

Each flare is controlled by a flame safeguard control unit. This item is very critical to insure
proper system operation and for the safety of personnel. The control unit is installed in the
motor control center section and interfaces with the flare control panel. There is one flame
safeguard unit for each flare. The major purpose of the flame safeguard control unit is to
control the equipment that are associated with the flare. The equipment that it controls are:

• Blower to operate with the flare

• Solenoid valve that provides pilot gas

• Spark ignition transformer for the pilot

• Ultraviolet flame sensor for the flare burner

Midway LandfU . 21-1550-15
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o Main landfill gas fuel valve operation

* Alarm for loss of flame ^-^

An electrical outline diagram of the flame safeguard system is shown in Figure 15-5.

15.1.4.1 Effect From and On Related Items

The flame safeguard control system is a critical item to insure that start-up and shut-down
procedures, and safe operation are achieved. The flame safeguard unit affects the operation of
the following items: .

o Operation of the flare pilot

o Starting of the flare and one relight trial following loss of flame :

o Operation of the blowers

« Operation of the main landfill gas fuel valve

o Reporting of the loss of flame alarm

15.1.5 Alarm System

The alarm system is a radio transmission type with alarm reporting to the Charles Street station. \Jr
The equipment at the landfill consists of a radio, encoder, and carrier operated relay. The
Charles Street station equipment consists of a new annunciator panel, mounted into the existing
alarm console, and a receiver.

The alarm system reports one alarm for any of the following events:

o Blower overload for each blower

• High temperature for each flare

o Low temperature for each flare

o Flame failure for each flare

o Loss of power

An electrical outline diagram of the alarm system is shown in Figure 15-6.
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15.1.5.1 Effect From and On Related Items

Failure of the alarm system to accurately and reliably report alarm conditions can have adverse
impacts on the facility, as noted below:

o Loss of blower operation due to blower overload will stop gas withdrawal from
the well field.

o Low temperature and high temperature in the flare will shutdown and lock out the
system. Alarm failure will cause this to go undetected.

• Low temperature conditions at the flare leave the potential that flared gas will not
achieve destruction of emissions to meet PSAPCA requirements.

e Flame failure can cause system shutdown.

« Loss of power will shut down all system operation.

It is therefore critical that the alarm system operation be maintained for reliable operation.

15.2 BLOWER FACILITY START-UP

This section lists the specific steps required to start-up the blower facility.

15.2.1 Preliminary Checks

The following steps should be completed prior to system start-up:

« Inspect all anchors and supports for piping and equipment.

» Verify all circuit breakers at the electrical control station are shut.

• Check the radio transmitter and receiver with the Charles Street station to verify
proper radio communication.

o Check the status of the alarm system -encoder panel.

15.2.2 System Start-up

• Open the louvers on the operating flare about 50% to provide combustion air to
the flare.

• Open the propane bottle valves to provide pilot gas for the flare,

e. Close the blower inlet valve and open the discharge valve.

o Perform a valve line up for the blower/flare combination you want to bring on
line.

Midway Landfill 21-1550-15
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• Install a vacuum gauge in the vacuum port on the suction line to the blower.

o Close the condensate scrubber vent valves and open the drain valves.

• Place the blower control switch for the desired blower to the SELECT position. ^-^

o Select the desired motor blower/flare combination on the control panel.

o Open the blower inlet valve to about 5 % open (about one notch) as the main fuel
valve opens. Observe the pressure at the suction and discharge pressure gauges.
The suction gauge should read greater than 40 inches WC with the discharge
gauge at 5 inches WC.

• Measure the gas flow using the designated device. Approximate blower output
can be estimated using Figure 15-7. For example, the blowers currently run at
4000 RPM. Assume that the total pressure is 62-inches WC (total pressure is the
sum of the suction and discharge pressures). Looking at Figure 15-7, we start
at 62-inches WC and move to the right until we intersect the 4000 RPM curve.
Then look down to read the flow rate. In this example the flow rate is 1500
SCFM.

o Maintain a flare temperature of 1500°F to 1700°F by manually operating the
.louvers (Figure 15-3). Closing the louvers will cause the temperature to increase
and opening them will cause the temperature to decrease. Do not completely
close the louvers as this will cause them to overheat. As a guide, leave a ^-inch
minimum gap in a louver opening for cooling.

15.3 EMERGENCY OPERATION

Normal operating conditions for the gas migration control system provide a system that is
normally stable and is rarely affected easily to create emergency conditions in the gas system."
Emergency conditions are the result of equipment failure, operation deficiencies, or they may
result from outside conditions. Landfill well field systems are discussed in Chapter 14.

When outside conditions occur, such as a power outage, there can be an impact on gas
migration. The duration of a power outage has the most significant impact on the start of gas
migration.

15.3.1 Power Outage

Power outage events are usually relatively short and should have no major effect on the
operation of the landfill gas migration system. Following the loss of power and the shutdown
of the blowers, there is still a slight vacuum present on the landfill. Should a power outage last
for more than 24 hours, the level of vacuum may deplete enough to allow the start of gas
migration. Such migration is only determined by monitoring the gas migration wells.

Following the return of normal power, the motor blower/flare facility must be manually restarted
per Section 15.2.
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Should an extended power outage occur and gas migration be of major concern, an emergency
generator can be connected to provide power service to the motor blower/flare facility. This is
performed by making the connection to the system downstream of the main service breaker with
the breaker in the OFF position. The generator should always have a breaker. This work
should only be performed by qualified electricians.

15.3.2 Refuse Fire

The outbreak of a refuse fire requires a change in the operational adjustments of the wells in the
area of the fire. Refer to Section 7.4.4 for more detailed information regarding refuse fires.
As fires are generally localized, there is usually no adjustment necessary to the motor
blower/flare facility.

15.3.3 Backflash

Backflash is the combustion of landfill gas within the gas control system piping (or equipment).
Combustion can only occur if the gas mixture within the pipe is within the explosive range
(between 5 percent and 15 percent by volume methane in air) and is ignited. Therefore, it is,
important to maintain the gas/air mixture in the pipeline well above the upper explosive limit
for methane.

The conditions for backflash can only occur in the event of multiple failures, such as a pipeline
break in conjunction with blower failure or gross neglect in normal gas system monitoring and
adjustments. The flare is the most likely ignition source, and most backflash events will
originate there. The flame arrester will prevent most backflashes from entering the piping, but
there is no device that can stop backflashes with 100 percent certainty.

Following an occurrence of backflash, check the following items:

• Shut off operating equipment.

° Check for damage to the affected piping and equipment. Look at the pipe joints,
pipe supports and equipment.

o Check the pressure differential across the flame arrester. If the differential
exceeds 4-inches WC, clean or replace the element.

15.3.4 Manifold Break

Over the life of the landfill, the ground surface will settle and the pipeline may break. This will
be evident by changes in the system operation. Some items to look for are:

Midway Landfill 21-1550-1S
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• Low vacuum level in the manifold

• High oxygen level in gas samples taken at the manifold or at the motor blower/
flare facility

• Whistling or hissing in the area of the pipeline

o Inability to adjust the landfill well flow

Manifold breaks can occur under one of two operating conditions. A break on the vacuum
portion of the pipeline requires less concern of gas saturation in the area of the break. Where
a break occurs in the pressure portion of the manifold (between the blowers and flares), extra
caution is necessary for personal safety and to reduce the potential for fire or explosion.

Always use care and wear SCBA per the Midway Landfill Site Safety Plan when working on
manifold breaks. Where explosive gas mixtures are present, provide ventilation or allow gas
to dissipate prior to performing any work on the pipeline.

The following procedures and considerations should take place when dealing with a manifold
break.

• Isolate the area of the leak and close the nearest isolation valves. Be sure to
isolate the area from adjacent wells, also.

\

• Have the materials for repair at the landfill prior to cutting out the broken section
; of pipe. Where polyethylene pipe requires repair, a coupling that provides

restraint of the pipe is required. Standard compression flexible couplings are not
acceptable.

• Cut the affected area of piping from the system and make the necessary repairs.

• Open the manifold isolation valves and place the section back into service.

• Monitor the repaired area to insure adequate repair. '

• Inspect manifold pipe supports and adjust pipe grade where required to prevent
other manifold breaks.

15.4 ROUTINE MAINTENANCE

The landfill gas migration system not only represents a major investment in construction, but
also significant importance to contain, extract, and flare the gas generated in the landfill.
Routine maintenance is therefore most important in preserving the investment and insuring the
best performance of the gas migration system.

Midway LandfiU 21-1S5Q-15
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The operator has the responsibility to attend to the operation of the system to eliminate gas
migration and operate.the system at peak efficiency. This not only occurs from good operation
but from a good program for routine maintenance. The execution of routine maintenance will
allow equipment to perform more efficiently for a longer period of time. This will lead to more
reliable operation with fewer system operation and maintenance problems.

The following maintenance recommendations (Table 15-2) are intended to provide general
recommendations for the respective item.. Specific operation and maintenance procedures for
items and equipment are found in the manufacturer's operation and maintenance literature.

The frequency of the following routine maintenance items is a recommended frequency. Some
items are governed by the specific requirements of the equipment manufacturer, while the
operator may choose other-frequencies based on operating experience.

Midway Landfill 21-1550-15
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Table 15-2
Maintenance/Inspection Schedule

Motor/Blower Flare Facility o
System Component Maintenance/Inspection Required and Results Expected Frequency

Blowers

Flares

The blower(s) will operate on a continuous basis for extended Monthly
periods of time. It is important to rotate the blower(s) that are in
•the standby position into operation periodically. Perform this at
the same time as the flares are rotated.

Lubricate the motor and blower bearings. Monthly

Measure current and voltage to each leg of the motor and check Semiannually
for even power distribution.

Check that the blowers are operating without vibration and with' Weekly
no abnormal.noises. Do not allow a noisy, surging, or vibrating
blower to operate.

Measure the suction and discharge pressures to determine if any Monthly
unexpected change has occurred.

Inspect the drive belts for wear. Alwavs replace belts in sets. Monthly

Check the pressure difference across the flame arrester. High Quarterly
differential pressure indicates that the element is becoming
plugged from gas debris or is damaged from backflash. Normal
differential pressure for a clean element is 1.2-inch WC. When
differential pressures exceed 4-inches WC, the effective area of
flow in the element is reduced by 50 %. Clean or replace the
element.

Check the propane cylinders to make sure that there is adequate Annually
gas for ignition of the flare pilot.

Lubricate the air damper pivot pins. Semiannually

Rotate the standby and operational flares. Perform this at the Monthly
same time as the blowers are rotated.

O

Alarm Systems Check the breaker overload for each motor blower breaker. Annually

Check the high and low flare temperature alarms and the Quarterly
temperature shutdown circuits.

Check, the flame failure alarm. Quarterly

Check the power failure alarm. Quarterly
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15-2 (cont)
Maintenance/Inspection Schedule

Motor/Blower Flare Facility

System Component Maintenance/Inspection Required and Results Expected Frequency

System Controls

System Piping and
Mechanical Items

Utility Systems1

Remove dust from controls by vacuum and compressed air. Annually

CAUTION: Always turn power off in equipment being cleaned.

Exercise the.main gas piping butterfly valves. This includes Annually
buried valves.

Calibrate all pressure gauges. . Annually

Check the pressure in the vacuum and pressure piping headers. Monthly
Monitor for unexpected changes that indicate a potential
problem.

Water

Test the reduced pressure backflow preventor per . Annually
recommendations of the utility.

Check the water meter box prior to winter to insure there is Annually
adequate insulation to prevent freezing of the pipe.

Sewer

Exercise the slide gate in the condensate manhole. Annually

Check the sewer pipe to make sure that sediments are not Annually
accumulating in the pipe. This is done by closing the slide gate
in the condensate manhole and the ball valves and butterfly
valves to isolate pipe entering the manhole. Fill the manhole
with water. Open the slide gate and witness the discharge at the
discharge manhole. Open all valves once testing is complete.

The maintenance to the utility systems performed by the operations personnel is limited to the facilities in the
landfill. Problems associated with the system owned by the purveyor of the utility should be addressed to the
controlling authority. The utilities are provided by:

Water
Sewer
Power

Highline Water District
Midway Sewer District
Puget Power

Midway Landfill
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15.5 TROUBLESHOOTING

Performing accurate troubleshooting of a problem will lead to the quickest, easiest, and least f")
expensive way to correct the problem. Problems tend to occur where they are least expected
so don't rule out any possibility within the system.

15.5.1 Isolation of the Problem

Isolating a problem is done by removing as many other items of the system from operation as
possible. This will limit the number of items that can be the potential problem. The following
general considerations are helpful when isolating the problem.

o Isolate the problem area by the use of valves, controls, or other means that apply.

• Following the isolation of the problem area, it is important to determine the sequence
of operation.

o "Think" the system operation through and determine the items of dependency.

o Perform manual operation of items where applicable.

« Check electrical circuit continuity of operation functions with a meter where
applicable.

o Switch suspect items with other like items in the system. This is not good practice
where electrical controls are involved as damage to other components may occur.

15.5.2 Troubleshooting Guide

The following troubleshooting guide (Table 15-3) is intended to assist the operator in locating
the cause of a problem or symptom. The operator is encouraged to supplement this chart, as
may be necessary, based on actual operating experience.-
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TABLE 15-3
TROUBLESHOOTING GUIDE

FLARE

Indicators/
Observations Probahle Cause Check or Monitor Solutions

Flame Failure
during operation

- Poor gas quality

Gas manifold
restriction

Dirty Ultra Violet
Light Sensor

- Controls

- Blower Problems

- Flame Safeguard
Unit

- Main Fuel Valve

- Check gas composition
- Manifold leak

- Condensate system
discharge interrupted

- High differential
pressure across scrubber

- High differential
across flame arrester

- Sensor eye

Relay operation
Ther mocoupl e/temperatu re

Change in pressure .
@ suction & discharge
of blower

Operation sequence
logic
Power to valve
Valve operation
Flame safeguard unit
logic

- Adjust system wells
- Find & repair leak

- Isolate restriction
& correct

- Replace MistMaster™ pad in
chimney basket

- Clean element

- Remove sensor from flare
and clean sensor eye with
clean soft cloth

- Replace faulty relay
- Reset timing relay
- Adjust air damper
- Reset temperature

shutdown
- Replace thermocouple
- Replace temperature indicator

- Correct blower
performance

- Adjust valve

- Repair or replace unit

- Reset breaker/correct
problem

- Repair or replace
- Repair or replace
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TABLE 15-3 (cont)
TROUBLESHOOTING GUIDE

FLARE

Indicators/
Observations Probable Cause Check or Monitor Solutions

Flame. Failure
during startup

- Pilot Problems
- Dirty or Broken

Ignitor

- Flame safeguard
unit

- Main Burner
doesn't light

- Out of Propane ,
- Solenoid valve stuck
- Flame check plugged
- Flame safeguard unit
- Pilot control t iming relay

Start-up sequence logic
Spark ignition
transformer
Breaker Tripped
of off

Gas composition
Fuel valve
Flame arrester
Air louvers
Well field gas oxygen
level @ scrubber
Blower/flare gas oxygen
level in header to flares

- Refill bottles
- Replace valve
- Clean/replace element
- Repair or replace unit
- Adjust or replace relay
- Clean/repair ignitor

- Repair or replace uni t
- Repair problem or

replace unit
- Reset or turn on

Purge gas line
Repair or replace valve
Clean or replace element
Adjust louvers
Find leak in pipe and repair

Repair leak in suction piping
@ motor blower/flare facility
Repair blower shaft seal
Repair blower housing seal
Close scrubber vent valve

- Control Circuit - Control circuit timing
relay for pilot

- Adjust or replace relay
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BLOWER

TABLE 15-3 (cont)
TROUBLESHOOTING GUIDE

Indicators/
Observations Probahle Cause Check or Monitor Solutions

Low gas volume

Gas Leakage

Vibration or
Noise

- Gas passage
blockage

- Condensate in manifold

- Damage to Impeller
or housing

- Blower isolation valves

- Shaft seal

- Leaking flex
coupling or gasket

- Impeller

- Suction/discharge valves

- Check impeller @
@ suction & discharge

- Manifold leakage
- Manifold gas flows (low)
- Manifold vacuum level

- Visual drainage
- Excess wear

- Valve positions

Seal wear

Bubble test area

- Damage to impeller
- Debris on impeller

- Valve adjustment

- Remove & clean
blockage away

- Repair manifold
- Drain condensate
- Repair leaks in pipeline

- Replace damaged item
- Replace item

- Correct valve positions for
desired mode of operation

- Replace seal

- Tighten bolts or clamp
- Replace gasket or

- Repair or replace
- Clean debris

- Adjust for vibration free
operation
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TABLE 15-3 (cont)
TROUBLESHOOTING GUIDE

BLOWER

Indicators/
Observations Probable Cause Check or Monitor Solutions

Vibration or
Noise

Flow Surge

- Bearing (blower
or motor)

- Isolation Valve
open

- Condensate accumu-
lation in system

Won't Operate - Motor

Flame Safeguard
Unit & controls

Excess heat from
bearing

Valve(s) isolating
operating blowers

Condensate manhole
level

Scrubber drain valve
Condensate drains
plugged
Automatic Driptrap
Well field condensate
drainage system

Motor
Breaker

- Control Panel
switch position

- Blower control relay
- Flame safeguard unit

logic

Lubricate
Replace

Close isolation valves
so one blower doesn't
affect the other
Open slide gate
Clean sewer line
Pump condensate
Open valve
Clean drains

Repair or replace
Repair condensate drainage
component

Replace/Rebuild
Turn breaker or.
Correct overload problem

Turn to proper
blower/flare combination
Replace
Repair or replace
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TABLE 15-3 (cont)
TROUBLESHOOTING GUIDE

FLAME SAFEGUARD UNIT

Indicators/
Observations Probable Cause Check or Monitor Solutions

No pilot

No main burner

Re-light trial
malfunction

- No propane to
pilot burner

- Dirty or broken
ignitor

- Circuit logic
operation

- No landfill gas

- Main fuel valve

- Flame safeguard
unit

Propane tanks
Propane valves
Propane regulator
Solenoid valve
Flame check

Spark ignition
transformer
Pilot timing relay
Safeguard unit logic
for pilot valve & spark

Blower/flare
combination on
control panel
Isolation valves

- Power to valve

- Flame safeguard
unit logic

- Valve operation

- Logic for re-light

- Lock out relay

- Fill tanks
- Open valves
- Adjust or replace
- Repair or replace
- Clean or replace element

- Repair or replace

- Adjust or replace
- Repair or replace unit

Switch for proper
blower/flare
assignment
Correct valve position
for desired blower/flare
operation

Turn power on or
correct problem
Replace control relay
Repair or replace
unit
Repair or replace valve

Repair or replace
unit
Replace
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TABLE 15-3 (cont)
TROUBLESHOOTING GUIDE

FLAME SAFEGUARD UNIT

Indicators/
Observations Probable Cause Check or Monitor Solutions

No alarm

No power

- Lockout alarm relay
- Alarm system

- Power source

- Flame safeguard unit

Blowers don't operate - Control/power circuit

ALARM SYSTEM

No Alarm
transmission

- Radio

- Encoder

- Alarm sensor

- Relay
- Alarm transmission

- Breaker

- Control panel
switch

- Timing relay for
start-up

- Power to unit -

- Control relay
- Breaker

Check power
Voice communication
Alarm function logic

- Check power
- Alarm function

logic

- Alarm function

- Replace
- Repair or replace faulty

element

- Turn on
- If tripped, correct

problem
- Turn switch to

desired blower
- Adjust or replace

relay

- Repair or replace unit

- Replace relay
- Correct short circuit

Repair or replace battery back-up
Repair or replace radio
Repair or replace
alarming device

Turn power on
Repair re replace
defective item

Repair or replace alarm
sensor item
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TABLE 15-3 (cont)
TROUBLESHOOTING GUIDE

SYSTEMS OPERATION

Indicators/
Observations Probahle Cause Check or Monitor Solutions

Blower/Flare
combination not
operating

Low Gas Volume
at Flare

- Control/electrical

- Valves
*.

- Pilot

- Blower

- Flame Arrestor

- Scrubber

- Circuit breakers
- Control panel

- Flame safeguard unit
logic

- Spark ignition
transformer

- Isolation valve
positions

- Main fuel valve

- Pilot System

- Blower item described
in BLOWER Trouble-
shooting Guide

- Differential pressure
across flame arrestor

- Differential pressure
across scrubber

- Turn on
- Turn switches for

desired combination
- Repair or replace

- Repair or replace

- Operate valve(s) for
proper flow pattern

- Correct operation,
repair, or replace

- Repair or replace faulty item

- Correct as
described

Clean or replace
element

Open drain valve
Replace MistMaster™ in
chimney basket
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TABLE 15-3 (cont)
TROUBLESHOOTING GUIDE

SYSTEMS OPERATION

Indicators/
Observations Probable Cause Check or Monitor Solutions

- Piping System

- Condensate accumulation
in piping

CONDENSATE SYSTEM

No condensate
flow

Excess
condensate
between blower
& flare

- Valve closed

- Plugged line

- Valve closed

- Automatic Drip
trap

- Gas leaks
- Valye closed or

partially closed
- Condensate accumulation

in piping

- Flows in manifold

Slide gate in
condensate manhole
Drain valve at
scrubber

Flow from each
line

Drain valve at
scrubber

Condensate discharge
from drain cock

- Repair leaking area
- Open valve

- Correct per CONDENSATE
SYSTEM troubleshooting
chart

- Correct drainage in affected
area

Open slide gate

Open drain valve

Remove blockage

Open valve

Repair drip
trap
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On-Site Surface Water Drainage System
Checklist and Reporting Form

Midway Landfill

Date:_
Time:

If any of the following questions are answered "Yes, ' describe below in area provided.

Are ditches clean of debris and sediments? D Yes D No
Is grass in ditches healthy and in good condition? D Yes D No
Is there erosion in ditches? . D Yes D No
Is there evidence of over topping? D Yes D No
Is there settlement or ponding in ditches? D Yes D No
Are there excessive weeds in drainage structures? D Yes D No
Do underdrains appear to be clogged? D Yes D No
Are culvert inlets and outlets in good condition? D Yes D No
Are culverts clean of debris and excessive sediments? D Yes D No

Description of Problem(s): \ .

Action Taken:

Inspected by:

Midway Landfill 21-1550-15
OtM Manual December 1992



Cover System Checklist and Reporting Form
Midway Landfill

Date:_
Time:

If any of the following questions are answered "Yes, " describe below in area provided.

Settlement/Subsidence
Are there any areas of excessive localized settlement? D Yes D No
Are there any areas of ponded water? ~ D Yes D No
Is there any evidence of cracking or bulging D Yes D No

in cover soils?

Erosion
Is there any erosion? D Yes D No

Membrane Liner Damage
Are there any exposed geosynthetic materials? D Yes D No
Are there any areas suspected to be damaged? . D Yes D No

Vegetative Stress
Are there any areas of excessive dryness or wetness? D Yes D No
Are there bare spots or thin areas? D Yes D No
Are there excessive weeds? D Yes D No
Is there evidence of pest infestations or rodents? D Yes D No
Are there areas of insufficient topsoil? D Yes D No

Description of Problem(s):

Action Taken:

Midway LarvifU 21-ISSO-15
O&M Manual December 1992



McSorley Creek Outlet Structure and Check Dam
Checklist and Reporting Form

Midway Landfill

Date:
Time:

If any of the following questions are answered "Yes, ° describe below in area provided.

Has debris accumulated in outlet structure? D Yes D No
Has creek bottom eroded downstream of outlet D Yes D No

structure or check dam?
Has debris accumulated upstream of check dam? D Yes D No
Has stream bank around outlet structure eroded? D Yes D No
Has stream bank in vicinity of check dam eroded? D Yes D No
Has outlet structure or check dam been damaged? D Yes D No

Description of Problem(s):_

Action Taken:

Inspected by:.

Midway LarutfiU 21-1
O&M Manual December 1992



Pipelines and Manholes Checklist and Reporting Form
Midway Landfill

Date: .
Time:

If any of the following questions are answered "Yes, ' describe below in area provided.

Has manhole settled? D Yes D No
Is manhole cracked? D Yes D No
Are the manhole lids tightly secured in place? D Yes D No
Has debris collected in the manhole? D Yes D No
Do the pipelines appear to be plugged? D Yes D No
Has settlement occurred above the pipelines? D Yes D No
Have construction activities occurred near pipelines? D Yes . D No

Description of Problem(s):_

Action Taken:

Inspected by:

Midway Landfill 21-25SO-1S
OJM Manual December 1991



Highway 99 and On-Site Flow Control Structure
Checklist and Reporting Form

Midway Landfill

Date: .
Time:

If any of the following questions are answered "Yes, * describe below in area provided.

Has debris collected in the structure? D Yes D No
Are valves operating smoothly? D Yes D No
Is vent plugged? D Yes D No
Is paint peeling? ' D Yes D No
Is there rust on any metal parts? D Yes D No
Are the orifices plugged? ' D Yes D No

Description of Problem(s):_

Action Taken:.

Inspected by:

jWUwoy Landfill 21-IS30-15
OJM Manual December 1992



Detention Pond Checklist and Reporting Form
Midway Landfill

Date: .
Time:

If any of the following questions are answered 'Yes, ° describe below in area provided.

Has debris blocked inlets, outlets, or flumes? D Yes D No
Are paver blocks cracked or damaged? D Yes D No
Is there erosion on the sides or bottom of the pond? D Yes D No
Are inlet and outlet structures in good condition? D Yes D No
Are cleanout lids tightly secured in place? D Yes D No
Is grass on the pond bottom healthy and in D Yes D No.

good condition?
Is the liner bulging? D Yes D No

Description of Problem(s):_

Action Taken:

Inspected by:

MUvay Landfill 21-1530-15
O&M Manual December 1992



Motor Blower Facility Checklist and Reporting Form
Midway Landfill

Date: .
Time:

If any of the following questions are answered "Yes, ° describe below in area provided.

Is the operating blower surging or making an D Yes D No
excessive amount of noise?

Is the flare temperature below 1500°F or above D Yes D No
1700°F?

Are there any alarm lights on at the Motor D Yes D No
Control Center?

Do any pipes and pipe supports need repair? D Yes D No
Is the condensate system vacuum outside its operating D Yes D No

limits?
Are there any alarm lights on at the condensate D Yes D No

control station?

Description of Problem(s):_

Action Taken:

Inspected by:

Midway Landfill '
O&M Maraud December 1992



Landfill Gas Piping Checklist and Reporting Form
Midway Landfill

Date: .
Time:

If any of the following questions are answered 'Yes, * describe below in area provided.

Are there any hissing noises coming from the pipes? D Yes D No
Are there any valves that do not work correctly? D Yes D No
Are there any pipe joints that are cracked? D Yes D No
Do any pipes need painting? . D Yes D No
Are there any condensate surges in the gas pipes? D Yes D No

Description of Prohlem(s):_

Action Taken:

Inspected by:

Midway Landfill 21-1550-1S
O&M Manual December 1992
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PLAN AMENDMENT OR MODIFICATION

This Monitoring Plan is intended for all future groundwater, surface water, and gas monitoring and is
based in part on agreement between City of Seattle Public Utilities (SPIT) and Washington State
Department of Ecology (Ecology). Amendments and/or modifications to the Plan must be made in
writing, and once approved by SPU and the regulatory agencies shall become incorporated by reference
into this Plan. Such amendments or modifications would include but not be limited to:

• Adding or deleting field or analytical parameters;
• Adding or deleting sampling wells; and
• Adding or deleting sampling events.

Minor deviation from specific sampling protocols that occur as a result of changed or variable field
conditions (e.g. changing sampling sequence) need not be-approved, but must be documented on the
appropriate form(s) for consideration during evaluation of sampling results.

City of Seattle
Midway Landfill Moniioring Plan

555-1550-039
April 2000

K:\worUni\1550\S51Si037\Midway LandfMGmundwaicr Compliance Monitoring 3.doc



INTRODUCTION

This Monitoring Plan is intended to be used as a permanent guideline for groundwater. surface water, and
gas .monitoring at Midway Landfill, Kent, WA, owned and operated by the City of Seattle (Figure 1).

Groundwater monitoring involves both performance and compliance monitoring. Performance
monitoring includes collection of groundwater level and oil thickness measurements within the saturated
portion of Midway Landfill (termed Saturated Refuse) and groundwater levels in the shallow groundwater
surrounding the landfill during the post-closure period. The purpose of performance monitoring is to:

• Document the continued effectiveness of the final remedy at Midway Landfill as shown by the
performance monitoring results.

Compliance monitoring includes collection and qualitative analysis of groundwater samples collected
from monitoring wells located upgradient and downgradient of the landfill and groundwater flow
determination. The purpose of compliance monitoring is to:

• Report groundwater chemistry in the vicinity of the landfill consistent with this Plan.

• Comply with post-closure monitoring requirements under Minimum Functional Standards (WAC
173-304-407) (Ecology 1988) consistent with this Plan.

• Evaluate groundwater flow relationships in the vicinity of the landfill.

Surface water monitoring involves collection of water samples from the detention pond. The purpose of
the monitoring is to ensure compliance with water quality standards prior to discharging storm water to
McSorley Creek. Gas monitoring involves taking measurements at 63 off-site probes. The purpose of the
monitoring is to detect subsurface landfill gas.

1.1 MONITORING PLAN ORGANIZATION s

This Monitoring Plan outlines sampling locations, parameters, and quality assurance procedures;
describes the required sampling event preparation, field sampling techniques, and task sequence; and
identifies subsequent sample handling requirements for monitoring at the site. The Plan was developed to
maintain consistency between each monitoring event, and is intended for repeated use in the field by
sampling personnel. -The body of this Plan provides a discussion of the field routine required to complete
each sampling event.

1.2 PURPOSE AND OBJECTIVES

The purpose of this Plan is to provide specific field procedures and laboratory requirements to be
implemented at the Midway Landfill during each monitoring event. This Plan and the Midway Landfill
Operations and Maintenance Manual (O&M Manual) (City of Seattle 1992) are equivalent to the
Operations, Monitoring, and Maintenance Plan required under Minimum Functional Standards.

City of Seattle • . . S5S-I5SO-039

Midway Landfill Monitoring Plan 1-1 APrit 200°
K:\worUnx\l5SO\SSI55037\Miihoay Landfill\Gro<ind-*aiv Compliance Monitoring 3.doc
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Site Location Map
Midway Landfill
Kent, Washington



1.3 TEAM ORGANIZATION AND RESPONSIBILITIES

Responsibility for executing the Monitoring Plan lies with SPU. The City may contract for services as
needed to conduct the program. The City will be assisted by one consulting firm and one analytical
laboratory. Responsibilities for each group include:

• City of Seattle (SPU). As owner of the landfill, the City will provide overall direction and
coordinate all interaction with regulatory agencies; conduct groundwater level and oil thickness
measurements, groundwater sampling, surface water measurements, and gas monitoring; provide
access to and secure the site after sampling; and provide an environmental field specialist (EFS)
team to perform field sampling duties.

• Parametrix, Inc. Responsible for project management; overseeing data management and
analyses; preparing semi-annual and annual groundwater monitoring reports; preparing and
reviewing groundwater field data sheets; 'preparing laboratory notification letters; preparing
variation memorandums based on review of field data sheets; conducting QA/QC of laboratory
data; updating chemical and fluid databases; and assisting SPU with purge water disposal.

• Analytical Resources, Inc. (ART). Responsible for laboratory analysis of groundwater samples.

1.4 HEALTH AND SAFETY

On-site work at the Midway Landfill must be conducted using appropriate health and safety practices.
Because health and safety protocols are set and monitored by employers, a project-wide plan is not
included in this document. Each employer shall provide an appropriate plan under separate cover for
their on-site personnel and shall be responsible for the health and safety of their own personnel.

City of Seattle 555-1550-019
Midway Landfill Monitoring Plan 1-3 . April 2000
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GROUNDWATER PERFORMANCE AND COMPLIANCE MONITORING

2.1 SAMPLE LOCATION, PARAMETERS, AND QUALITY ASSURANCE

This section describes the well locations to be used for the performance and compliance monitoring
programs and the frequency of monitoring. In addition, this section describes compliance monitoring
parameters and quality assurance samples.

2.1.1 Well Locations

Locations of the performance monitoring wells are on Figure 2 and listed in Table 1. These wells monitor
fluid levels within the saturated portion of the landfill (termed the Saturated Refuse) and the shallow
groundwater surrounding the landfill. Locations of the compliance monitoring wells are on Figure 3 and
listed in Table 2. These wells monitor groundwater'chemistry in the Upper Gravel Aquifer (UGA), the
Sand Aquifer (SA), and the Southern Gravel Aquifer (SGA). Compliance monitoring also includes
determining groundwater flow direction in the UGA, SA, and the SGA. Wells used for groundwater flow
determination include the compliance monitoring wells plus additional wells located upgradient and
downgradient of the landfill. These wells are on Figure 4 and listed in Table 3. Boring logs and
construction details for compliance and performance monitoring points are provided in Appendix A.

2.1.2 Monitoring Frequency

The performance and compliance events are targeted to coincide with the high (November) and low
(May) groundwater surface elevations during each calendar year. The compliance monitoring wells are
sampled on an annual to biannual basis as outlined in Section 2.3.3.

2.1.3 Compliance Monitoring Parameters

The analytical requirements for the compliance monitoring program include field parameters, chloride,
sulfate, dissolved iron and dissolved manganese, chemical oxygen demand (COD), total organic carbon
(TOC), and volatile organic compounds. Table 4 lists the number and type of samples for each sampling
event. Table 5 lists the sample bottles required for each analysis. Quality assurance samples will be
collected during compliance monitoring, as described below.

2.1.4 Quality Assurance Samples

The field quality control plan consists of collecting two field duplicates and one field blank from each
sampling event. In addition, trip blanks for volatile organic analysis will be included during each
sampling event where volatile analysis is being performed. Standard sample volumes are sufficient for
the laboratory to perform matrix spike/matrix spike duplicate (MS/MSD) analyses.

2.1.4.1 Field Duplicates

There will be two complete sets of duplicate samples taken at random times during groundwater
monitoring sampling rounds. The duplicate samples will be taken at a given well at the same sampling
time as the primary sample. This sample is obtained by first filling one bottle for the primary sample (i.e.,
MW-17A), then filling the corresponding analytical container for the duplicate sample (i.e., MW-31).
However, duplicate sample numbers will be designated so that field duplicates are not obvious to the lab.

City of Seattle
Midway Landfill Monitoring Plan

555-1550-039
2-1 ' April 2000
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// Sfipss s g g s. / // *&&;i app|i\9"
/ / • * © • • ŝdS3.. baa §!,£, "9,Jb." / / / / . *S x D«R"sjH/ i //ifrA^iJoy/ :,>",_

// Jllfej / /// ÎJ:|01lc ̂ '7^^? ?
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Table 1. Performance Monitoring Network.

rr?

F-

R

Landfill

2

5

7

8

13

14

16*

17*

- 20

21*

23*

24

26

27

29

30

31*

32*

33*

35S

36D

38D-

Gas Extraction Wells (EW)

39D*

40D

41 S*

41 D*

42D*

43D*

44D*

45D

46D*

• 47D*

48S

49D

SOS

SOD*

52S

53D

54S*

54D

55*

56S

56D

A Series Gas PA Series Gas PC Series Gas PD Series Gas Groundwater or
Probes Extraction Wells Extraction Wells Extraction Wells Leachate Wells

AM-M PA1S* . PC4S PD1S LW-1

AN-M PA2S PC6S PD3S LW-2*

AO-M PASS PC7S PD4S* MW-19A

AR-M PA4S • PD7S TW-1

AV-S PASS PD10S

AW-S PA6S PD11S

Notes:
* Wells typically monitored (or oil thickness.

Performance Monitoring Network based on the June 3, 1994 Amendment to the Midway Landfill Compliance and Performance Monitoring
Technical Memorandum prepared by Parametrix and Emerald Consulting. •

City of Seattle • . 555-1550-039

Midway Landfill Monitoring Plan 2-5 . April 2000
K:\mrlcingUSSO\S5l5S037Mitlway LandfilhGrounifcaicr Compliance Monitoring l.iloc



Table 2. Compliance Monitoring Network.

Aquifer Well Number Location

Upper Gravel MW-16 Upgradient, approximately 850 ft south of the landfill

MW-21A Upgradient, approximately 850 ft south of the landfill

MW-7A Downgradient, on the southern edge of the landfill where the UGA groundwater
discharges into the SA

MW-19B In the middle of the landfill, near where leachate is believed to leave the UGA and enter
the underlying SA

Sand MW-8B Upgradient, approximately 850 ft southwest of the landfill

MW-17B Upgradient, approximately 650 ft west of the landfill

MW-21B Upgradient, approximately 400 ft north-northwest of the landfill

MW-15A Downgradient, approximately 600 ft east of the landfill

MW-20A 480 feet north of the southwest comer of the landfill

MW-23A Downgradient, 600 feet east of the landfill

Southern.Gravel MW-14B Upgradient, on the eastern edge of the landfill at the crest of the groundwater divide

MW-20B • Downgradient, on the western edge of the landfill

MW-23B Downgradient, approximately 600.ft east of the landfill

MW-29B Downgradient, approximately 1,450 ft east of the landfill

MW-30C Downgradient, approximately 2,200 ft southeast of the landfill

ral
City of Seattle
Midway Landfill Monitoring Plan

555-1550-019
2-6 April 2000
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Table 3. Groundwater Flow Monitoring Network for the UGA, SA, and SGA.

Well ID

MW-2

MW-4

MW-7A* . .

MW-7B

MW-8A

MW-8B* '

MW-9A

MW-11A

MW-13A

MW-13B

MW-14B*

MW-15A*

MW-16*

MW-17A

MW-17B*

MW-18A

MW-19B*

MW-19C

MW-20A*

MW-20B*

MW-21A*

MW-21B*

MW-23A*

MW-23B*

MW-24A

MW-24B

MW-25C

MW-26

MW-27A

MW-28

MW-29A

MW-29B*

MW-30A

MW-30C*

UGA = Upper Gravel Aquifer

SA = Sand Aquifer

SGA = Southern Gravel Aquifer

" Compliance monitoring wells -

Aquifer

UGA

UGA

UGA

SA

UGA/SA

SA

SA

SA

UGA

SA

SGA

SA

UGA

UGA

SA

SA

SA

SGA

SA

SGA

UGA

SA

SA

SGA

SA

SGA

SA

UGA

UGA

SA

UGA

SGA

SA

SGA
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Table 4. Number and Type of Samples for Biannual and Annual Groundwater Monitoring Events.

QC Samples (a)

Parameter Group

Biannual Event (b)
Conventionals:

Chloride
Sulfate
TOC
COD

Dissolved Metals:
Iron
Manganese

Total Metals (el:
Chromium
Cadmium
Copper
Lead
Nickel
Zinc

VOCs
Field Parameters (d):

Annual Event (e)
Conventionals:

Chloride
Sulfate
TOC
COD

Dissolved Metals:
Iron
Manganese

Total Metals (c):
Chromium ,
Cadmium
Copper
Lead
Nickel
Zinc

VOCs
Field Parameters (d)

Groundwater
Quality

Samples

11
11
11
11

11
11

1 •
1
1
1
1
1
11
11

- 15
15
15
15

15
15

1
1
1
1
1
1
15
15

FD

2
2
2
2

2
2

0
• o

0
0
0
0
2
0

2
2
2
2

2
2

0
0
0
0
0
0
2
0

FB

1
1
1
1

1
1 '

0
0
0
0
0
0
1
0

1
1
1
1

1
1

0
0
0
0
0
0
1
0

TB

0
0
0
0

0
0

0
0
0
0
0
0
1
0

0
0
0
0

0
0

0
0
0
0
0
0
1
0

Total

14
14
14
14

14
14

1
1
1
1
1
1

15
11

18
18
18
18

18
18

. 1
1
1
1
1
1
19
15

(a) QC samples defined as: field duplicate (FD), field blank (FB), and trip blank (TB).

(b) Biannual event monitoring wells = MW-7A, MW-14B, MW-15A, MW-17B, MW-.19B, MW-20A, MW-20B, MW-21B, MW-23A, MW-23B, and MW-
29& • V"

•^•:.
(c) Purge water parameters

(d) Field Parameters include temperature, specific conductivity, and pH.

(e) Annual event monitoring wells = biannual event wells listed above plus MW-8B. MW-16, MW-21 A, and MW-30C.

City of Semite 555-1550-03 9
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Table 5. Sample Bottle Requirements by'Parameter Group.

Analytical Parameters

Volatile Organic Compounds

Dissolved Metals:

Iron and Manganese

Total Metals":

Cadmium, chromium, copper, lead,
nickel, zinc

COD

TOC

Chloride

Sulfate

Analytical
Method

*8260

*6010

*6010

"410.4

**415.2

"325.2

"375.2

Number and
Type of
Bottle

(3)-40 ml

glass vials

(1)-1 liter

HOPE

(1)-1 liter

HOPE

(1}-250ml

amber glass

(1)-1 liter

HOPE

Preservative

HCI, cool

to4°C

HNO3

cool to 4°C

HNO3

Cool to 4°C

H2SO4, cool

to4°C

cool to 4°C

Holding
Times"

14 days

6 months

6 months

28 days

28 days

28 days

* Holding time listed is the shortest time indicated for analysis or extraction.
b Purge water only

Test Methods for Evaluating Solid Waste. U.S. EPA SW 846, September 1986.

** Methods for Chemical Analysis of Water and Wastes. U.S. EPA 600/4-79-020, March 1983.

COD Chemical oxygen demand

TOC Total organic carbon

2.1.4.2 Field Blanks

There will also be one full set of samples taken as a "field blank" during each annual and biannual
sampling event. These samples will be obtained by filling a sample bottle directly from the container of
deionized water supplied by the laboratory. This sample will be treated in the same manner as all other
groundwater samples.

2.1.4.3 Trip Blanks

Volatile organic trip blank samples will be prepared and supplied by the laboratory for monitoring events
where samples for volatile organic analyses are being collected. The trip blanks will be stored with the
volatile organic sample bottles. A minimum of one trip blank will be taken per day of sampling and
analyzed for volatile organic compounds. All volatile organic samples taken during the day should be
held in the same cooler as the trip blank for that time period.

2.1.4.4 MS/MSD

The laboratory will randomly select samples to be analyzed for MS/MSD. Additional sample volume
will not be required.

City of Seattle
Midway Landfill Monitoring Plan
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2.2 PREPARATION FOR EACH MONITORING EVENT

Preparation for each monitoring event will start approximately two weeks before actual field work. A
two week lead time is necessary in order to meet notification requirements, coordinate personnel, obtain

,_. sample bottles, and compile field equipment. The following sections detail specific requirements for
monitoring preparation that must be conducted prior to each event.

2.2.1 Premonitoring Notification

Two weeks prior to the monitoring event, SPU will initiate the premonitoring notification by coordinating
with staff to confirm and coordinate the dates for performance and compliance monitoring. SPU will also

[?'; notify Parametrix of the scheduled monitoring event. Parametrix will then generate a laboratory
: notification letter that outlines the upcoming monitoring event. These notifications are intended to keep
• • all affected parties informed of the monitoring schedule.

I 2.2.2 Laboratory Bottle Request

f.f Parametrix will generate a bottle order for the upcoming monitoring event and send it to SPU. SPU will
then contact the laboratory to coordinate the analytical schedule and to obtain appropriate sample bottles,
and confirm required laboratory services and anticipated sample delivery dates. The lab will provide
clean bottles with any necessary preservatives added prior to pick-up by SPU. Table 4 lists the number
and type of samples to be collected during the sampling events. The required sample bottles for the
designated analyses and required QA/QC testing are listed in Table 5.

2.2.3 Field Equipment Preparation

Mobilization for each sampling event will require preparation of the equipment and supplies required for
FJ sampling and personnel protection. SPU will supply all equipment needed to measure groundwater levels

and oil thickness the week prior to sampling and to collect samples. Before each sampling round begins,
all field instruments will be calibrated using methods given in the instrument manuals. Notations relative
to instrument calibration should be included on field forms. Any difficulties with calibration and/or
operation of field equipment will be reported to the site supervisor as soon as possible. Appendix B
contains technical.specifications for the dedicated pumps and sampling equipment.

The following is a list of supplies required for each event:

Health and Safety: Per City of Seattle Health and Safety Plan.

Equipment: Water level indicator, pump controller, and compressed nitrogen bottles.

Field Parameters: pH, conductivity, and temperature meters.

Supplies: 0.45 micron filters, plastic garbage bags, permanent markers, clear tape,
deionized water, and Alconox.

Sample Containers: .Lab supplied bottles, fresh ice or blue ice, coolers, and disposable
containers for field parameters.

City of Seattle . 555-1550-039
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Field Forms: Groundwater Sampling Field Data Sheets, Chain-of-Custody forms, and
pens.

. Keys: Master Lock #2022 for gates.

2.3 FIELD METHODS AND PROCEDURES
j

SPU will measure ground-water elevations and oil thickness in the performance monitoring wells prior to
grouridwater compliance sampling. In addition, groundwater elevations will be measured in the
groundwater flow monitoring wells prior to. sampling. For planning purposes, all groundwater elevations
and oil thickness will be measured approximately one week prior to sampling.

2.3.1 Access and Security

The Midway Landfill is located in Kent, Washington, approximately 14 miles south of Seattle (see Figure
1). The site is bounded to the east by Interstate 5, to the west by Pacific Highway South, and to the south
by South 252nd Street. The site can be accessed at the main entrance off of Pacific Highway South.
Access is restricted and the following procedures shall be observed when accessing the site:

• Upon entering the site, all non-SPU personnel must check in at the SPU site office located at the
Kent Highlands Landfill;

• SPU will be responsible for securing any locked gates open for sampling access; and

• All non-SPU personnel shall check out at the SPU site office at the end of each day.

•Tf: 2.3.2 Measurements in Performance Monitoring Wellsi."..i
?' .

Each monitoring event will begin with the SPU staff measuring groundwater elevations in 68
r., performance monitoring wells, as shown on Figure 2 and listed in Table 1. Twenty-one of these

performance monitoring wells are also used to evaluate onsite oil (NAPL) thickness. The measurements
;: will be taken approximately one week prior to sampling. Measurements will also be taken in the 34

groundwater flow monitoring network wells as described in Section 2.3.3: Field notes taken during
!y« monitoring will be recorded on a Midway Groundwater/Oil Thickness Measurements form (example
& . provided in Appendix C) and will include at a minimum:

H? • Well designation;
t • Time and date of measurement;

• Depth to groundwater in feet;
(I • Total depth of well in feet (measured annually);
i;,: ' • Description of reference point used for measurement; and

• General observation of wellhead condition, including notes for repair if necessary.
( . - ' :

[ SINCO electronic probes are used for water level sounding and oil thickness measurement. Probes are
typically weighted with a metal sheath fitted around the probe to avoid jarring or catching the probe on

fv; well expansion joints. Weighting the probe also enables detection (at the wellhead) of well bottoms when
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re-

sounding deep wells. If a probe malfunctions, the replacement probe should be of similar manufacture.
After completing each measurement, the portable equipment will be decontaminated.

During each monitoring round, data from the previous round are typically referenced before sounding
each well to estimate the approximate depth required to reach fluid with the probe. This procedure
reduces the risk of obtaining false fluid depths. Water depths are read directly from the sounder cable at
an established reference point. For wells with prefixes EW, PA, and PC located in the Landfill, this point
is typically the top of a 2-inch well access port mounted on the top of well cover. Where the 6- or 8-inch
well cover requires removal, the well casing top (edge of the well casing) is used as the reference point.
For A series probes, off-site PA wells, and PD wells, the outside rim of the manhole over the well is used
as the reference point. For wells with prefixes LW and TW, top of PVC casing is used as the reference
point. For A series probes, off-site PA wells, -and PD wells, the outside rim of the manhole over the well
is used as the reference elevation. In the latter case, a straightedge is typically placed across the rim, and
the sounder cable is read where it meets the straightedge at a right angle. Wells are measured for total
depth every other round. Well bottom data from previous rounds are compared with current data to
reduce the likelihood-of false readings as described above.

It should be noted that depths to fluid in wells connected to the Landfill gas collection system may be
influenced by the vacuum applied by the system at the wellhead. When this vacuum is broken (i.e., when
the well cover is removed), fluid level in the well may fall. Therefore, fluid levels may not have reached
an equilibrium level when measured. Although this effect has not been quantified, it is expected that
following the same procedure in a consistent manner each round reduces its significance, and therefore,
the effect may be considered negligible.

Wells that have historically contained oil are measured each round for oil thickness by lowering the
SINCO probe to the depth at which it first sounds (indicating oil/water interface), removing the probe
from the well, and measuring the length of sounder cable coated by oil. Under typical oil/water interface
conditions, the sounder probe may become coated with oil after traveling through the floating oil layer
and cause erroneous measurement of the interface depth. These circumstances can result in overestimated
oil thickness. The procedure for oil thickness measurements is presented in Figure 5.

Fluid levels represent top-of-fluid measurements whether water or non-aqueous liquid (oil) is present.
Fluid levels for wells containing oil are not corrected for specific gravity differences between oil and
leachate. Wells listed in Table 1 without an alphabetical prefix are gas extraction wells (EWs) screened
in landfill refuse. Leachate well LW1 and LW2 are also screened in refuse. Other "gas extraction wells
are located around the perimeter of the refuse and screened in native sediments. These wells are
designated with the prefixes PA, PC, and PD. Some of these wells, specifically PC4S, PC6S, and PC7S
are screened in refuse.

"A" prefixes indicate the wells are small-diameter gas probes. Suffixes S and M indicate the relative
elevation of the screened interval of each probe. Screened elevations of these wells are as follows: S
probes, greater than approximately 340 feet; M probes, greater than approximately 305 feet. "A" series
probes are nested. MW refers to a groundwater monitoring well; TW refers to an aquifer parameter test
well.
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STEP1

OIL
C (oil cut)

WATER

Slowly lower water level probe
until sounder goes "on".

Record measurement (A)

Length of time for water level
probe to go "on" as it passes
oil/water interface depends on
oil viscosity.

•EP2

B

OIL

WATER

Slowly bring water level probe
up until sounder goes "off".

Record measurement (B)

If you re-measure to confirm
oil/water interface, do not
exceed A value.

STEP 3

Bring water level probe
to surface.

Measue length of oil cut
on water level probe.
Measuement is from top
of probe to end of oil cut.

STEP 4

Calculate values

i) oil thickness = C - (A - B)
ii) depth to fluid (oil) = A-C
iii) depth to water = B

Note: Do not try to re-measure again
immediately because oil/water
interface has been disturbed.

Parametrix, Inc. Midway ian<m/555-1550-039(04)4/00(K)

Figure 5
Oil Thickness Measurement



2.3.3 Sampling of Compliance Monitoring Wells

During each sampling event, samples will be collected and analyzed to assess the quality of groundwater
from the monitoring wells. Because the sampling requirements vary by sampling event, care must be
taken to refer to Table 4 prior to sampling. All field sampling efforts will be documented on a
Groundwater Sampling Field Data Sheet (example provided in Appendix C).

The following groundwater monitoring wells will be sampled during each monitoring event:

• MW-7A
• MW-14B
• "MW-15A
• MW-17B
• MW-19B
• MW-20A
• MW-20B
• MW-21B
• MW-23A
• MW-23B
• MW-29B

And during the annual sampling event the following additional wells will be sampled:

• MW-8B ;
• MW-16

f? • MW-21A .
. • MW-30C

F;; The sampling schedule for the next 5 years is shown in Table 6.

2.3.3.1 Water Level Measurements

•:' Water level measurements will be collected from the 15 groundwater compliance monitoring wells plus
the additional 19 wells that make up the groundwater flow monitoring network, as shown on Figure 4 and
listed in Table 3. The measurements will be taken'approximately one week prior to sampling. Field notes

; "•" taken during monitoring will be recorded on 'a Midway Groundwater/Oil Thickness Measurements form
(example provided in Appendix C) and will include at a minimum:

'•'? . • Well designation;
>. • Time and date of measurement;

• Depth to groundwater in feet;
' • • ~ l • Total depth of well in feet (measured annually);
: • Description of reference point used for measurement; and

• General observation of wellhead condition, including notes for repair if necessary.
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Table 6. Sampling Schedule.

Date

May 1999

November 1999

May 2000

November 2000

May 2001 '

November 2001

May 2002

November 2002

May 2003

November 2003

May 2004

November 2004

Event

Biannual

Annual

Annual

Biannual

Biannual

Annual

Annual

Biannual

Biannual

Annual

Annual

Biannual

:'•'. . Biannual wells = MW-7A, MW-14B. MW-15A, MW-17B, MW-19B, MW-20A, MW-20B. MW-21B, MW-23A, MW-23B, and MW-29B.

: Annual wells = MW-8B, MW-16, MW-21 A. and MW-30C.

r*-, For all wells, measurements will be taken with an electric well sounder or pressure gauge using
j - procedures detailed below. If a probe malfunctions, the replacement probe should be of similar

manufacture.

Water Level Probe Method

Depth to water measurements will be determined by lowering a SINCO electronic probe. Probes are
typically weighted with a metal sheath fitted around the probe to avoid jarring or catching the probe on

I • well expansion joints. Weighting the probe also enables detection (at the wellhead) of well bottoms when
sounding deep wells. •

f?
[: The depth to' water will be measured from the top of the P VC well casing or from the top of the outer steel
: - casing, whichever is more elevated. Depth to water measurements will be made to the nearest l/10th of a
"•; foot and will be recorded on the Groundwater Sampling Field Data Sheet. Total depth of well will be
; measured every other round. Previously collected values for total depth of well will be used to calculate

casing volumes. After completing each measurement, the portable equipment will be decontaminated.

Air Line/Pressure Gauge Method

The air line should consist of a small-diameter pipe or tube of sufficient length to extend from the top of
:' ;; the well to a point several feet below the water level. The length of the air line must be known in order to

estimate depth to water in the well. A gauge capable of measuring pressure in feet of water is preferred,
and a compressor or hand pump is needed to displace the water inside the air line. Pressurize the air line

f 1 until all water is forced out of the air line; at this point, pressure will cease to build. Record the reading in
;; feet of head (this equals the amount of air line that is submerged). Then subtract this number from the

total length of the air line to obtain a value for depth to water. A simple equation illustrates the
(5- relationship:
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D = L-h Where: D = depth to water (ft)

L = depth to bottom of air line (ft)

H = pressure head (ft)

If any gauges read in PSI, multiply by 2.31 to obtain feet of head. For any flowing artesian wells, a
pressure gauge that measures in feet of head or PSI should be dedicated and attached to a sealed well cap.
The water level elevation will be above the reference point, which will be equal to the base of the pressure
gauge.

2.3.3.2 Well Purging

Dedicated pumping equipment installed in each well will be used for purging. Whenever possible, a
minimum of five casing volumes will be purged before sample collection begins. Field parameters (pH,
conductivity, and temperature) will be measured at the initiation of purging and after each purge volume.
The final measurement is taken just prior to groundwater collection. If the parameters do not stabilize
(within 10% of the previous measurement) after the fifth casing volume, purging will continue one casing
volume at a time until stabilization is observed. SPU field sampling staff will record the purged volume,
field parameter measurements, and any general observations (turbidity, odor) on a Groundwater Sampling
Field Data Sheet. The purge volume will be calculated by using the following formula:

p = 7i r2 h x 7.48 x 5

Where: p = calculated purge volume

7t = 3.14

r = radius of well casing in feet

h = height of water column in feet

2.3.3.3 Sample Collection

Each groundwater sample will be collected using the dedicated pumping equipment to directly fill each
sample bottle. Samples are taken through Teflon tubing, which is thoroughly rinsed with sample water
prior to actual sampling to ensure homogenization. Teflon tubing will be dedicated 'to each well;
therefore, no decontamination is necessary.

Each sample will be tested for field parameters as soon as it is collected. Field parameters include: pH,
conductivity, and temperature. The first samples to be taken are those for volatile organics analysis
(VOA). There will be no headspace or air bubbles within the VOA container. There is no pre-determined
order to filling other analyses containers. Other samples will be placed in the appropriate bottle and
preserved according to the applicable analytical technique. Samples for metals will be filtered through a
0.45-micron disposable filter prior to collection in an acid-preserved container. All samples will be stored
on ice prior to daily delivery to the designated laboratory.
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2.3.3.4 Management of Purge Water

Standing water in each well will be purged, as described in the section labeled "well purging", until the
well contains non-stagnant water representative of the surrounding formation. Water collection from well
purging will be collected at the well head in 55-gallon drums. A composite sample of the purge water
from the 55-gallon drums is collected and tested for the parameters listed below. Parametrix reviews the
analytical data and compares the results to Metro discharge requirements. Parametrix then generates a
Purge Water Disposal Memorandum that recommends suitability for discharge. SPU will transport the
drums and dispose of purge water at the Kent Highlands leachate treatment pond.

Purge water composite sample parameters for Midway Landfill are as follows:

• Total chromium
• Total copper
• Total cadmium
• Total zinc
• Total nickel
• Field pH

2.4 FIELD DOCUMENTATION AND SAMPLE MANAGEMENT

Field documentation of the monitoring program consists of three primary forms; a Midway
Groundwater/Oil Thickness Measurements form, a Groundwater Sampling Field Data Sheet, and a Chain-
Of-Custody form. Examples of the data forms are contained in Appendix C.

2.4.1 Performance Monitoring Documentation

Field notes taken during groundwater level monitoring will be recorded on a Midway Groundwater/Oil
Thickness Measurements form (included in Appendix C) and will include a minimum:

'

• Well designation
• Time and date of measurement
• Depth to groundwater in feet
• Total depth of well in feet measured annually
• Description of reference-point used for measurement • . :
• General observation of wellhead condition, including notes for repair if necessary
• Oil thickness and/or presence or absence of oil in appropriate wells will also be noted.

2.4.2 Compliance Monitoring Documentation

Field groundwater sampling data will be recorded on the Groundwater Sampling Field Data Sheet. Data
to be recorded includes the following:

• Project name, number, location
• Well designation
• Time and date of measurement
• Depth to groundwater in feet
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• Well volume calculations
• Well purging method and total volume removed
• Equipment used for calibration and sampling
• Field parameters measured during purging
• Summary of any QC samples collected at well site

Depth to ground-water measurements for groundwater flow determination will be recorded on a Midway
Groundwater/Oil Thickness Measurements form as described above in Section 2.4.1.

2.4.2.1 Well Purging

Data to be recorded on the Groundwater Sampling Field Data Sheet prior to and during purging includes:

• Depth to groundwater in feet
. • Calculated purge volume in gallons

• Field parameters (pH, specific conductance, and temperature).

Total depth of well will not be measured each round because the pump and the probe may get tangled.

2.4.3 Sample Management

Proper procedures are required to ensure that the samples taken arrive at the lab in good condition. This
includes proper sample labeling, handling, chain-of-custody procedures, and sample shipment.

2.4.3.1 Sample Documentation

Labels and sampling bottles will contain at least the following information:

• Date
• Parametrix Project No.
• Sample Name
• Client ' .
• Sample ID
• Type of Analysis

Clear plastic tape will be wrapped around the bottle to cover the label completely, allowing identification,
yet eliminating the possibility of eradication. - .

All samples will be delivered to the laboratory by SPU staff accompanied by a Chain-of-Custody form.

2.4.3.2 Sample Handling

Immediately after collection in the field, all groundwater samples will be placed in coolers containing ice
for the remainder of the field day. After groundwater sampling has been completed for the day, the
samples will be properly packaged for delivery to the lab. The exterior of all sample bottles will be
cleaned and dried. Sample labels will be checked to ensure all pertinent information is clearly written and
the label is covered with clear tape.
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2.4.3.3 Chain-of-Custody Procedures

Sample custody will be tracked from the field to the laboratory using a chain-of-custody form. The
original chain-of-custody form will travel with the samples (enclosed in a plastic bag and-taped to the
inside lid of the cooler), with both the sender and receiver signing the form to document sample transfer.

2.4.3.4 Sample Shipment

Samples will be delivered by SPU staff directly to the laboratory, on the same day the well is sampled.

2.5 MONITORING WELL AND EQUIPMENT MAINTENANCE

To maintain the longevity of the groundwater monitoring system, routine maintenance and checking of
the wells and sampling equipment must be performed. Some of the equipment will likely have major
malfunctions that cannot be dealt with by site personnel, and should be referred to the manufacturer for
repair or replacement. If repairs are made to the well monument or the pump well head completion the
well should be resurveyed.

2.5.1 Monitoring Weils

During each monitoring event, the wells should be visibly inspected for any defects prior to sampling or
collection of fluid level data. The inspection should include, but not be limited to, checks for broken or
cracked well monuments and proper function and integrity of sampling pump mechanisms and piping.

The compliance monitoring wells are equipped with dedicated Bennett pumps and routine maintenance
and repair shall be performed as per manufacturer's recommendations.

j<A- 2.5.2 Sampling Equipment

^ Routine maintenance of equipment used during groundwater level measuring and groundwater sampling
>-J;: shall be performed as per manufacturer's recommendations. The pneumatic pump controller is
<•' '•• manufactured by Bennett Sample Pumps. The pump controller is generally maintenance free, but should

the pump controller require servicing then Bennett Sample Pumps should be consulted.

Due to the wide variety of electric water level indicators and pH, conductivity, and temperature meters
available on the market, a specific guide to maintenance is not possible. Again, follow manufacturer's
recommendations. Of note is the pH meters which generally require that the probe tip be kept wet at all
times. ' . ' . " " "

2.6 LABORATORY QUALITY ASSURANCE

2.6.1 Quality Assurance Methods for PARCC Parameters

The quality assurance objectives of this plan are to develop and implement procedures to provide- data of
known and appropriate quality. Chemical data quality is assessed by precision, accuracy,
representativeness, completeness, and comparability (PARCC). Documentation from the laboratory will
be used to determine whether PARCC requirements are being met. This documentation may include
reports on sample results, surrogate recoveries, spike recoveries, laboratory instrument calibrations, and
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copies of actual gas chromatographs. The documentation of PARCC allows validation of results against
previous sampling rounds and identifies data uses and/or limitations prior to the actual use of the data. -

2.6.1.1 Precision and Accuracy

Precision is a measure of mutual agreement among individual measurements of the same property under
prescribed similar • conditions. It is expressed in terms of the standard deviation or relative percent
difference (RPD). Accuracy is the degree of agreement of a measurement (or an average of measurements
of the same property), X, with either an accepted reference or true value, T. Accuracy is a measure of the
bias in a system and will be expressed as the percent recovery of the samples (100[X-T]/T).

Accuracy and precision are determined through quality control parameters such as surrogate recoveries,
matrix spikes, matrix spike duplicates, QC check samples, and field duplicates. The project DQOs for the
evaluation of these parameters are .based on those given in the current edition of Test Methods for
Evaluating Solid Waste SW-846 (EPA 1986).

QC objectives (control limits expressed as percent) for surrogate recoveries and percent recovery and
RPD for matrix spikes, matrix spike duplicates, and laboratory duplicates for this project will be those
currently established by the testing laboratory. These limits will meet the requirements of SW-846 (EPA
1986). If the QC objectives are not met after corrective action is performed, the Project QA Officer will
be notified by the laboratory before data subrnittal, and will determine whether or not additional
corrective action should be taken, such as re-analysis, if applicable.

Field duplicate samples will be analyzed as QC samples for verification of precision and accuracy. If the
differences between field duplicates are outside the control limits, corrective action and/or data
qualification will be determined after review by the Project QA Officer. Field duplication can be poor
because of sample heterogeneity. Therefore, corrective action will be determined by the Project QA
Officer and discussed in the data validation report.

2.6.1.2 Representativeness

Representativeness expresses the degree to which sampling data accurately and precisely represent a
characteristic of a population. Sample locations and field sampling procedures have been chosen to
maximize representativeness, as described in Sections 2.1 and 2.3 of this document. Representativeness
will be assessed from review of sampling records and QA audit(s) of field activities.

2.6.1.3 Completeness

Completeness is a measure of the amount of valid data obtained from a measurement system compared to
the total data collected. The QA objective for completeness during this project is 95 percent.

2.6.1.4 Comparability

Comparability expresses the confidence with which one data set can be compared to another. All
measurements will be made so that results are comparable with other measurement data for similar
samples and sample conditions and with relevant action levels, criteria, or standards. The samples will be
collected and analyzed using standard techniques, and analytical results will be reported .in units
consistent with EPA guidelines.

City of Seattle ' 555-1550-039
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2.6.2 Laboratory Selection

.The selected laboratory must meet the requirements stated here and any additional applicable
requirements requested by appropriate regulatory bodies or standard practices of the industry. The
laboratory must meet the following minimum requirements:

Washington State Department of Ecology Certification
EPA Certification
Ability to meet required method detection limits and reporting limits
Ability to meet project schedule'and budget needs

2.6.3 Analytical Methods and Detection Limits

The analytical methods, method detection limits, and reporting limits for the requested parameters are
presented in Table 7. The analytical laboratory is required to establish its own Method Detection Limits
(MDLs) per 40 CFR 136, Appendix B for certification (EPA 1999). The contracted laboratory will be

' required to supply analytical results down to the reporting limit (RL).

2.6.4 Laboratory QA/QC Procedures

The laboratory will be responsible for following its own established QA/QC procedures. The following
minimum QA/QC procedures apply:

• Sample holding and preservation requirements as specified in Table 5

• Analytical methodologies as specified in Table 7

• Instrument and tuning calibration will be performed as required by the specific analytical method

• Laboratory internal QC checks will follow the frequencies and limits specified in the analytical
method • .

Non-CLP (Contract Laboratory Program) Q'A/QC protocol methodology will be used as part of this plan
and the minimum QA/QC requirements are as follows:

•
• Maintain corrective action per predefined laboratory specific criteria limits
• Initial and continuing calibration per method requirements
• Laboratory Control Standards - Standards to be run at a frequency of one per batch
• Laboratory Method Blanks- Blanks to be run at a frequency of one per batch
• In addition, duplicate and MS/MSD analyses will be run during each sampling event

2.6.5 Laboratory Data Review

Data for all parameters will undergo internal review and validation at the analytical laboratory. Data
reduction, validation, and quality review will be carried out at a level of effort equivalent to EPA CLP
QA/QC protocol. Data validation will also be carried out by Parametrix, Inc.

dry of Seattle
Midway Landfill Monitoring Plan
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Table 7. Reporting Limits and Method Detection Limits for Groundwater.

Parameter

Conventional Parameters:

Chemical Oxygen Demand

Chloride

Sulfate

Total Organic Carbon

Dissolved Metals:

Iron

Manganese

Total Metals:'

Cadmium

•Chromium

Copper

Lead

Nickel

Zinc

Volatile Organics:

1.1,1-Trichloroetriane

1 ,1 ,2,2-Tetrachloroethane

1 ,1 ,2-Trichloroethane

1,1 ,2 - Trichlorotrifluoroethane

1,1-Dichloroethane

1,1-Dichloroethene

1 ,2-Dichlorobenzene

1 ,2-Dichloroethane

1 ,2-Dichloropropane

1 ,3-Dichlorobenzene

1,4-Dichlorobenzene

2-Butanone

2-Chloroethyl vinyl ether

2-Hexanone

4-Methyl-2-pentanone

Acetone

Acrolein

Acrylonitrile

Benzene

Bromodichloromethane

City of Seattle
Midway Landfill Monitoring Plan

Units

j

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Analytical Method

410.4/415.2

325.2

375.2

410:4/415.2

6010

6010

7000

6010

6010

. 7000

6010

6010

' 8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

2-22

Method Detection Reporting Limit
Limit (MDL) (RL)

NA

NA

NA

NA

0.0059

0.0003

0.0001

0.0021

0.0011

0.0009 , .

0.0068

0.0018

0.51

0.94

0.49

0.42

0.73

0.51

0.69

0.56

0.61

0.69

•6.65

2.8

0.67

3.55

3.15

3.56

4

1.2

0.4

0.55

5

1

2.5

0.5

0.02

0.001

-

0.0002

0.005

0.002

0.001

0.01

0.004

1

1

1

5

1

1

1

1

1

1

1

5

5

5 •

5

10

50

5

1

1

555-1550-039
April 2000
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Table 7. Reporting Limits and Method Detection Limits for Groundwater. (Continued)

Parameter

Bromoform

Bromomethane

Carbon disulfide

Carbon tetrachloride

Chlorobenzene

Chlorodibromomethane

Chloroethane

Chloroform

Chloromethane

cis-1 ,2-Dichloroethene

cis-1,3-Dichloropropene

Methylene Chloride (Dichloromethane)

Ethylbenzene

o-xylene

m,p-xylene

Styrene

Tetrachloroethene

Toluene

trans-1 ,2-Dichloroethene

trans-1 ,3-Dichloropropene

Trichloroethene

Trichlorofluoromethane (F-1 1 )

Vinyl Acetate

Vinyl Chloride

Units Analytical Method

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L .

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

' ug/L

ug/L

ug/L

ug/L

8260

8260

8260

8260

• 8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

8260

> 8260

8260

8260

8260

8260

8260

8260

8260

8260

Method Detection .
Limit (MDL)

0.66

1.1

0.58

0.46

0.73

0.52

0.52

0.87

0.59

0.84

0.88

0.66

0.47

0.82

1.57

0.54

0.51

0.45

0.61

0.81

0.51

0.54

0.98

0.51

Reporting Limit
(RL)

1

2

1

1

1

1

2

1

2

1

1

2

1

1

1

1

1

1

1

1

1

2

5

2

' = Purge water parameters

2.6.6 Data Reporting

The laboratory will prepare a standard analytical report, which will include a tabular summary, which
includes, at a minimum, the following:

.:• ' ' '

• Project data
• Method blank data
• Surrogate recoveries and target limits
• Matrix spike accuracy and precision
• Laboratory matrix duplicate accuracy and precision
• Reference material results
• Laboratory control sample results
• Dates of receipt, extraction/preparation and analysis

City of Seattle 555-1550-039
Midway Landfill Monitoring Plan 2-23 - April 2000
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(1

The laboratory will provide a narrative summary of the project QA, outlining any data quality problems
encountered and an explanation of actions taken to correct the problems.

dry of Seattle 555-1550-039
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SURFACE WATER MONITORING

This task involves the collection and analysis of water samples from the surface water detention pond
located on the north end of the landfill site. Surface water from 1-5, Pacific Highway and the Midway
Landfill all flow into the detention pond. The detention pond is inspected each morning by City staff.
Whenever the water level in the pond exceeds 1.0 ft, samples are collected from the pond near the three
inflow locations and the pond outlet (Figure 6) in the early morning, and from the pond outlet only in
mid-afternoon.

When sufficient storm water enters the pond and the water level reaches the outlet pipe, then water is
discharged into McSorley Creek. McSorley Creek is designated a Class A (excellent) water body by the
Water Quality Standards for Surface Waters of the State of Washington (Chapter 173-201A) (Ecology
1992). A flow control structure equipped with knife gates allows the City to shut off the discharge in the
event that monitoring shows that water quality is unacceptable for discharge. For example, discharge
from the detention pond is shut off if turbidity exceeds 100 NTU.

Samples collected in the morning are field tested for the following parameters:

• Water Ttmperature
• pH
• Dissolved oxygen
• Turbidity
• Conductivity

Water temperature, pH, dissolved oxygen, and conductivity are measured immediately after sample
collection with portable field meters and probes. Turbidity is measured immediately after sample
collection with a portable nephelometer. Field instruments are calibrated and operated according to
manufacturer instructions. Samples collected in the afternoon are tested for turbidity only.

In 1987, the City applied to Ecology.for a National Pollution Discharge Elimination System (NPDES)
'permit for storm water discharge from Midway Landfill. At that time, Ecology indicated that an NPDES
permit was not required, but acceptable discharge parameters were negotiated for detention pond
operations. The acceptable water quality limits for the stormwater discharged into McSorley Creek are
listed below in Table 8. City staff performing the sampling contact the SPU supervisor if any of the
parameters in Table 8 are exceeded.

Table 8. Water Quality Parameters for Routine Stormwater Discharge to McSorley Creek.

Field Measurement Acceptable Level for Discharge

Temperature

PH

Dissolved oxygen

Turbidity

Conductivity

no higher than 18°C

between 6.5 and 8.5

>8.0 mg/l

no higher than 100 NTU

<400 umhos/cm

City of Semite
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Chain Link Fonce, Type

g Sanitary Sewer (Midway Sewer District)

Dewatering
Pump Station

.331.75 ;-:';::

— Flow Control Structure
See Figure 8-5,

Concrete Inlet
Structure

Concrete
Flume

Limits of Membrane Uner
without Drainage Net

Concrete Inlet
Structure

From Highway 99
Collection System

Manhole E-2

From 1-5
Collection System

36*0 Outlet Pipeline

To Discharge Outlet at
McSoriey Creek

Midway Landfill

Parametrix, Inc. Midway Lamwsss-i550-039(04) 4/00 <K>

SCALE IN FEET

1^1 Surface Water Sampling Location

® Pressure Relief WeU _——_

O Manhole - ~ ~ - -

9 Cleanout __ —— _ S» PVC Perforated Collector Sump

• Pump Station ......... 6" Collector Pipe

6" PVC Perforated French Drain

6* PVC Perforated Slop* Drain

. — 8* Sanitary Sewer

•M Concrete Storm Drain (PSD)

Figure 6
Surface Water Sample Locations
and Detention Pond
Midway Landfill
Kent, Washington



GAS MONITORING

SPU monitors 63 gas probes for landfill gas. These probes are monitored on a varying schedule. A
summary of the schedule is-presented in Table 9. The locations of the probes are shown in Figure 7. The
measurements normally taken at the gas probes include:

• Combustible gases concentration (primarily methane)

• Oxygen concentration

• Hydrogen sulfide concentration

• Static pressure

The probes are measured using the following equipment (similar instruments can be used besides those
suggested below):

• Neutonics PDM-210 pressure gauge, Dwyer Mark HI, or similar instrument

• Gastech Model GT Land Surveyor combustible gas/oxygen meter or similar instrument

• Gastech GT Land Surveyor combustible gas meter or similar instrument

• Gastech Model GT-402 multi-gas meter or similar instrument

These instruments should be calibrated weekly and when recharged. Before monitoring, the instruction
manual for use should be reviewed.

Table 9. Gas Probe Monitoring Schedule.

Frequency

Probes Monitored Weekly

Probes Monitored Monthly

Probes Monitored Quarterly

AM, AK, C16, MW-20, H, I, J, K, MW-24, MW-15, 61, and 85

C, 37, AV, M, 79, 44,81, 45.AN, AO, AP, AQ, AR, AW, D, 64, 69, 87, 88, MW-8, MW-27, 76,
MW-29, 50, 59, and 60

29, 31, 32, 34, 35, 39, 43, 49, 58, 80, 82, AF, AG, Al, AJ, AL, B, L, MW-10, MW-14, MW-23, N,
0, Q, and R

The following are the proper steps you must take to monitor gas probes:

1. Before any system measurements are taken, it is important to record the barometer readings. A
rapidly rising or failing barometer may explain system fluctuations.

2. Calibrate and check all instruments before any probe measurements.

3. Fill out field sheets with current information.

4. Remove standing water at the valve top with the aspirator.

5. Zero the machine at the LEL scale and percent by volume scale in ambient air.

City of Seattle
Midway Landfill Monitoring Plan
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NOT TO SCALE

Figure 7
Location of Gas Probes
Midway Landfill
Kent, Washington



6. Insert the pressure monitoring tube into the probe valve and open the valve. Record the pressure
reading, close the valve, and disconnect the instrument.

I. Connect the GT Land Surveyor, or similar instrument, to the probe, open the valve, and
continuously draw a sample until the oxygen and gas readings stabilize in accordance with the
probe testing time table (see Appendix D). Record the reading, close the valve, and disconnect
the instrument. - :

8. If the oxygen reading is less than 10 percent by volume in the LEL scale, check the combustible
gas reading in percent by volume range before disconnecting.

9. If measurements are required for hydrogen sulfide use the GT-402 or similar instrument. Draw a
sample continuously until the reading stabilizes, record the reading, close the valve, and
disconnect the instrument. Secure the probe vault when readings are computed.

10. Record any comments relating to the probe readings.

I1. Repeat steps 4 through 10 on the next completion or probe.

12. After system measurements are taken, it is important to record the barometer reading. A rapidly
rising or falling barometer may explain system fluctuations.

City of Seattle 555-1550-039
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GRS UJELL DRILLlflG LOG
WELL No._2-____

•'" Landfill nnrna: MWWVU4? /V7/6A/y.L*yr^.Pro]aet No..
-^» • *~\ —-, / *T / /

Time drilling r.nmmanrflH: "^. '£?^ /^V/ — 4','5& r*sf &&

Time drilling completed-'.

DESCRIPTION OF DRILLING SPOILS:

Cover soil depth: 4v^" ^ Description
t' 10'
9 20'
9 30'
e . 40'
9 50'
9 60*
9 70'
$ 80*
e 9O1

« I001

a >IOO'

t
SAMPLES TAKEN FOR ANALYSIS:

Sample No. Sample weight Sample depth

.,„ //

Total depth of well._^^£2_2____ _(Diam.

Total drilling time _ ',

DRILLING CONDITIONS ' } f 0^
(Weather, obstructions, ate.) £-{./2s)/> ?i,'*W*s '7/£// /5 ^

Drilling

UDrilling

Operators names £ fif*&T*/?*'4&&?, A/

I _ : _

I



UJELL COnSTRUCTIOfl LOG
WELL No._2n__ CeoY&t, N

Landf i l l name:.

I. DIMENSIONS:

a. Total depth of well.

b. Diameter of well

c. Wel l casing ir

24"

d. Diameter of well casing

e. Slotted interval of well casing,
. . .-T XI ' X -

f. Permeable.material intervaf_

g. Impermeable plug interval

h. Backfill material interval.

3L MATERIALS:

Permeable material

Impermeable p lug

Backfill 'material

//( i rt/i
Casing material (incL slip jointsl & ? _ < ? _

IH. CONSTRUCTION:

Method of placing fill materials:

Method or'

Problems encountered:,

Date ""

d i

|R
r / . *

±9 2.1.

~±
4'

'T'
-•».
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GflS UJELL DRiyjnG LOG
- WELL No. __£___

name:,

Tima d r i l l i ng //}/7~f-'UL

DESCRIPTION OF DRILLING SPOILS?
Cover soil depth: •^ Descr fp t i 'n erf

+

Y

D R I L L I N G CONDITIONS
.-. (Weather, obstructions, ate.1

I

i Dr i l l ing company __k_£d£!LL

' Dri l l ing

names C - A j A y f c

/ / ' -•• ••••-
Total depth of well _J&&. : fpram.



P MX * ' ̂
(U6LL COHSTRUCTIOn LOG~

WELL

Landfill name:. Data

I. DIMENSIONS:

_ T-fc*--! j4nM*U- t^t ***** I 1 £^^a. TOtQl 09pt'i Of well **r«^r _______

7 A. UuTUul U
h fliamfltar of wall *-*r

e_ Waif cosing intarvcl. C? — C*? . , _ . '

d. Qiamater of wall casing 6 *>»U"Y

B, Slotted interval of well casing , -^ ,
frnm '1JZ~( trt £*?"'

i .
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* """~"~*~ ~_^"1
1 * M 'i CWTT^^ « •• i» • *• jî r

K. MATERIALS:

<»/ic i »/'f , / . ( T ' • ' " ' '
Parmaahlfl material 7T Tto • A VWttfej? fe^

f

tmparmaabla plug P-̂ M Tb ̂  IT'S.

Backfill material *7'l-TV "CLAY"

Casing rrictarial (inqt slip joints) e!/ ^ 2? r VQ

HI. CONSTRUCTION: 7'4^V^-
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•
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GflS UJ6LL DRILLinG LOG
WELL 'Mo- "7

Landfill

Time dri l l ing ^44-. fm -3? ?**« IQ-Z-

DESCRIPTION OF DRILLING SPOILS:
Cover soil depth: \>0 / Description erf

flr.T, «e -

T//z£.

Total depth of well

GRILLING CONDITIONS
(Weather, obstructions, etc.)

o
Dri l l ing

Dri l l ing

Operators names

/.L

(Diam.

'6 'fe-LY



• PMX#'^
GRS UJELL COHSTRUCTIOn LOG

-c 7

WELL No

L a n d f i l l name--.

I. DIMENSIONS:

a. Total depth of well

b. Diameter of

c. Wel l casing interval

d. Diameter of well cosing

e. Slotted interval of well casing,
f r o m .

f. Permeable material interval.

g. Impermeable plug interval,

h. Backfill material interval_

2.'

IL MATERIALS:

Permeable material I ' / z - "— ?4. -

Impermeable

Backfi l l material r/Z7Y-

Casing material (incL slip joints) h

IE. CONSTRUCTION:

Method of placing fill materials:

Datum 0-

Method of placing casing: MTP

Problems pnr.ntmfArad;

e

0

o



Pi" Landfil l

GflS UJELL DRILLIflG LOG
WELL MQ. £

M&ZAT10N Data

TIma drilling

D£SCRIPTfON OF DRILLING SPO(LS:
Coyer s(oil daplh: /x

'
Descriptfon erf

Total depth of well C, 7 fc , (Diam.

DRILLING CONDITIONS '
I (Weather, obstructions, ate.) 5*/Ttf Ce.vDrTri<tJ

C

\

Drilling company

l Drilling equipman

fperators names

I

^r^w-



UJGLL COnSTRUCTiOn LOG

1 n n r f f l H name: ^^AY^4 Wl6£4WXj

I. - D I M E N S I O N S :

.. /
o T"tol rfapth of wal l £ 7, 3

, i. 7 A?' . uaiufn u
b. Ptomstar of well _ _ "TT '

e. Wal l cosing interval fi~£- -f . jt

d Diameter of well casing 6
h

a. Slotted interval of well casing .
. • / • / • ' «. •» /- 't<"Orn ..._<&•-•«; rn ^r 6.-

f. Permeable material interval r . "fS~/Z- r

o)\ a
g. Impermeable plug interval ^- .

/
h. Backfill material interval ^-^
T. EX-p-H^ fe T"? •? 'yt'>r/'3e&ie.«ic*.t pi ft £. '

\* f| *\ C»TH>^ >* *• ** *• ? f-

TL MATERIALS: •

/ ". / 'i
Permeable material J/4- T* / /I • f>fi.--,'Oi

f<-A r )£_ ~ f

Impermeable p lug ^^MTbKlTfL .

Backfill malarial ^U^'C(.^

//f 1 &n j?./x
Casing material (incL slip joints) £} ^.^ • »C^

in. CONSTRUCTION:

Method of placing f i l l materials: £ff5££^l7££ U5>/4P£j^

M^hnH rt* pJneinij en^fngt TaJiXT A/Tp tfYP#A CZAl .̂

Problems encountarad: .. ̂ X?./V> . < ' /r
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GflS UUGLL DRILLIRG LOG
Wgf.L ' Mfl. '5 ; . ,

Landfill nomat V»CW*Y UMVF)LLOS& lY\lG&WiVH ^GHTZ&L pgff l

Time drilling 7;2eA+i. Tc //J^ p.H e •* t<?//*•/*$-

DESCRIPTION OF DRILLING SPOILS:

Cover sofl dapth: / FT Description of

~ ?•*=>.

! flf Be

D y.fc't.i«»y u'/TM

: tA AT

FT -

Total depth of w^n -ft-FT-- cuy Seattle A re ^4 FT (DTam.

DRILLING CONDITIONS :

(Weather, obstructions, ate.) PAZTLv fi^'JV - BKee-? v -<^

Drilling P5M

Drilling Aqmpm«nt /feUPggSQAj LL gg^OO 'b "feX Mrt? 17/̂ tL ;6
~

operators names ^HtXJC rgW«TBg.M^<:)CSl2.



GfiS ULIELL COnSTRUCTIOn LOG
WELL MQ /? '

Landfill name:.

I.
JJ

DIMENSIONS:

a Total depth of well_

-74."b. Diameter of well __£_L.
Datum 0-

c. Well casing interva

.d. Diameter of well casing 6

e. Slotted interval of well casing
frnm S~<3 _ to

f. Permeable material interval

g. Impermeable plug interval.

h. Backfill material interval
'. D«p-Hi ft» T~f
J. H i,

H MATERIALS:

Permeable material /./z '

Impermeable

Backfill motarial / C fft.

Casing material (incL slip joints^ g ? _<$

DT. CONSTRUCTION:

Method of placing fill mctariala:

Method of placing

..»•

H

Problems gngounferad:' iC'if ̂  C. Tc & 2 , P <T-.'./;v



UJELL DRlLLIflG LOG

« WELL * KJ mm

Landfill

Time drilling DRjui*'A AT2:?*P<i ** ic//a/<?±-

DESCRIPT10N OF DRILLING SPOILS*

Cover soil depth: / ^r
/^ 6? F^r - rscnai-L-f Pe--Cfs.>Pr<£=-g

Description
T/£t? c^ Ss. <-,<--

^. frc
.• xri=-(L ^-*• (Vt1 •/TE-fL^n AT.

U.-/TH

»

Total depth of well

DRILLING CONDITIONS
(Weather, obstructions,

, (Diam.

0 /. -

Drilling r.nmpnny

«
Drilling «nnfPm«n»
Operators names

iL
j f AJ ^

rr s^i IT- ' ,



GflS UJELL COnSTRUCTIOn LOG
. WELL No.__/±_

L a n d f i l l name.-i

I. DIMENSIONS:

a. Total depth of well

7 A"• b. Diameter of well ____±±_

c. Well casing interval

.d. Diameter of well casing

e. Slotted interval of well casing
f r o m 2.6 r-T to

f. Permeable material intervot

g. Impermeable plug tnterval_±i

h. BacSrfill material intervof
,

H MATERIALS:

Permeable material

Impermeab le p lug

Backfi l l material Si LTV

Casing material (incL s(ip jotnts

El CONSTRUCTION:

Method of placing fill materials:

Method of placing casing* Mrg? o
Problems encountered: si'?.*>'



GflS LUELL DRILLinG LOG
WELL NQ- /^

Tims dr i l l ing

DESCRIPTION OF DRILLING SPOILS:
Covar soil depth: z.

fe. 4-7 FT "

Description
7W

-a 7 Pr re

5"? - i.'c'T

re if- <£• /Z

<>

Total depth of well

DRILLING CONDITIONS
(Weather, obstructions, ate.)

/£&{.!.* Cfi- ftl-f*

Cr.'.'t*/rt?*JS -
f-tJTe'lt. fflrLLV

— ̂ — ̂ ^™ — ̂ ^^^^^— ̂ ^—^^^^^^

S f- e ft- /

D r i l l i n g

Dr i l l i ng
* ^Operators names

fj •.'•£.' ^ f ~ j 2
\ J l A i f ^ t < ' S h

— ,
\ }f- ' /^£ y (



GRS QJ6LL COHSTRUCTiOn LOG
WELL MQ /£ '

Landfill name.-.

I. DIMENSIONS:

a. Total depth of well.

b. Diameter of well

c. Wall casing interval
'

d. Diameter of welt casing

e. Slotted interval of well casing
from 2.^ FT to

f. Permeable material intervot

g. Impermeable plug interval

h. Backfill material interval _/_2_

3L MATERIALS:

Permeable material ro . / /r «/*•;

Impermeable plug

Backfill material S/^.TV

Date i

IT

Datum 0-

7~

£'Casing material (incL slip joints;P

IH. CONSTRUCTION: ' '

Method of placing fill materials;

Method, of placing

Problems encountered:

iS*%'

S

*s>si.*>*

r

/

o



GflS UJGLL DRILLIHG LOG
WELL MO n \ c*,~rA* KJ

k.ondfill nnmfl: Data

Time drilling *T*RTeo r.'.'te/fr/**r **'o fewu

DESCRIPTION -OF DRILLING SPOILS*
Covar soil depth: ZfT.

FT

Description of

- A) L'.'

F- T S/l'Q 0 /

-(..'? FT - f 'ACTinLLf BP '<-^ KM fitsrt V& -s grr . ..̂ >C

ft? A.

7<- Zi f-7

I • ^"_j--e/r F7. PrtKTiALLf D£cp<''H
\ crr---<jt£T. S4+Q g/zaL'^L-

Y D(=

Total depth of well ___(Diam.

DRILLING CONDITIONS

(Weather, obstructions, nt<^ p££Ti«iLi Sift'A'Y K'tTH fou& Sfi

Drilling

Drilling

serators names .



GflS LUELL COnSTRUCTIOH LOG
WELL Mn '"7 ' ^0*4* Kl /r/pAg//-/-s-v

Landf i l l name.-. Data

I. D I M E N S I O N S :

a. Total depth of well.

b. Diameter of well

FT
J

"
Datum 0-

C. We.U Casing infarvat FT

d. Diameter of well casing.

e. Slotted interval of welt casing
from _JL±_£Z_ to ?*- f=T

f. Permeable material interval 2.2.FTTC ?7/T-

7 f

g. Impermeable plug interval_±:^

h. Backfill material interval fef f

T. P«{7-rU to T~f a I <5'/'f/•^g^uH^>og^^ fi
j. H it SwHti^ .. •« •- ««

IL MATERIALS:

'* • / •!

Permeable material - ~ I It deu

Impermeable plug

Backfill material, g/z ry Cd A V

Casing material (incL slip joints) g ? c? rye*

IE. CONSTRUCTION:

Method of placing fi l l materials: &i>&&eR.~TJZ£

Method of piecing rn.fn^ TgL£x: Mm?

Problems encountered:.

3£

o



GflS UJGLL DRILLinG LOG
WELL No. 2. C Ca^rJ< M 1C (-<

mandf i l l nnmfl ;

Time d r i l l i n g •iTAcieo ifcjLLun AT

DESCRIPTION Of DRILLING SPOILS:
Cover soil depth: Z FT Description of

.5-7 ~ .

5V -

77-

rf-

Total depth of well

DRILLING CONDITIONS
(Weather, obstructions, etc.).

D r i l l i n g

Drilling ^n^*** ti&v&&M LL
perators names



K IY|,A

GRS OJELL COnSTRUCTiOn LOG
WELL Mo 2-^

L a n d f i l l name:.

I. DIMENSIONS:

a. Total dep th of wel l

*? A!*b. Diameter of well *-T

~ f / = r

C. Wel l r.ri< in ̂ Interval f / Is

d. Diameter of well casing

e. Slotted interval of well casing
f rnm- 2.5- to

f. Permeable material interval

g. Impermeable plug i

h. Backfill material interval
, fir T*f -f •*.

j . if i.

IL MATERIALS:

Permeable material

Impe rmeab l e p lug

Backf i l l material 2f4-ti I It " vo

Casing material (incL slip jointsl C* ? 2?

CONSTRUCTION:

Method of placing fill materials:

i d

Datum 0-

Method of placing casing:

Problems encountered:

.._ f

• • •-*

D

0



. .GflS lilGLL DRILLIHG LOG
WELL No. 2-1 • Coord*,.N

Landfill nomfl: VllPU/ftY L&HVftLL&AS MlGZATtON Co^TRGl. gate

Time dri l l ing ^rttC.J"&.0 ff^iLJU^'fy *r r. Z^~AW ^>v frTq.rffsrtt*,:

DESCRIPTION OF D R I L L I N G SPOILS^
Cover soil depth: /r7~ Description

f- 62 f f r - vtirl* rxtLnrU-fr /?c-- .̂.vy*-i-«--J fe.'/-^

r-iT£f!*\ \ X t ~ f " )

t- 7. - c •<> ^ r • 5"/*..jy~

72 -Qt>-Fr \ \ . c rT /'/ftTiait. /) /-' Ts-tft'* 'li- f)

Total depth of well /^ /

D R I L L I N G C O N D I T I O N S
(Weather, obstructions, ete.'t CL<C<.>

D r i l l i n g

Dr i l l i ng ee\utpmant_n&10&.£'y0fij LL
i
Operators names



PMX ^5^ -1ttc-o7
GflS (HELL COnSTRUCTIOn LOG

WELL No.

L a n d f i l l

I. DIMENSIONS:

a. Total depth of w a i t 9 <? ^T

•7 A."
b. Diometar of v*eM

c. Well casing interval ^ ' fFf

d. Diameter of well casing_^

e. Slotted interval of well, casing
f r o m a..«T'Fr to ft far

f. Permeable material intarval 77/T

g. Impermeable plug Interval.

h. Backfill material intarval 7- c"
.

IL. MATERIALS:

Permeable material " f«? / 'it '

Impermeab le plug

Casing material (incL slip joints^ & $ 27

HL CONSTRUCTION:

Method of placing fill materials: J

Dcte

J d i

Datum 0-

Backfi l l matarial r/U>/cZ/yy

Method Of placing r.nsinq,

Problems encountered:.

yM

-•*.

o



GflS UJELL DRILLIflG LOG
^^ tiWELL

Landfi l l nnm f l : Data // /A/g

Time d r i l l i ng 3;/rf# *J//o/£//ffx-

DESCRIPTION OF DRILLING SPOILS*
Cover soil depth: i FT Description of

(~"T Te

re s-
FT To c 2. FT- M s-T P/IX.T/ALLY

re v
'7-y FT—

Total depth of welt

DRILLING CONDtTIONS

(Weather, obstructions,

Drilling

Drilling

perators names

P5M

- u'/TH- Z.L.CUDS:

/.I "^ V&-LY



GRS UJ6LL COnSTRUCTIOn LOG
WELL • M« £3' Coc^ U 1° f±~o g <?&S~c (J

, nnriflM nnmfl:M'P*aY(3fl*Wae4T/<rW '

I. DIMENSIONS:

sv & r**T~
a. Total depth <?' w^n i & ri _ . . . _

~' t i. -5£r ^?o uatum O
h. Dtamfltsr of v*e!t . .... i**-̂  . ~ <--

e. Well ei-rsing interval f-T FT

d. Diameter of well casing tr
n

a. Slot ted interval of well cosing
frnm ( f f* 7~ tn 77r7~~

f. Permeabla material intervol , S^^./fT _

^l g
g. Impsrmaabla plug interval ^~

h. BackfilS material interval 2^ /^T"
T. DcrprX fc TV .P ^l\frteft\e.«te»t />', ̂  <£ ^T
* I — ~ ~~ ^ _^

IL MATERIALS: .

'/ •* ^_ £/ " /? "Permeable material / '^ -7^=' /4. f̂ ed.t,'D

P *..:%. . '<

Impermeabla plug CPfiMTd'ix-'lTc.

Backfill material .S/^TV ^C^_/?-v /

/''«j C" ^A/'Casing material (incL slip joints) £2_^.<-- • »<-'

IH. CONSTRUCTION:

Method of placing fill materials: Ku'££<££.h ££ U^AP^^
•

Method of plnrmrj Msings TfJL'<:)C Mrf HV0£A CZAf±£-

Problem^ encounfflrsd: . v^, .? ^^ •
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GflS UJGLL DRILLIHG LOG
WELL No.

inndflll nnma:

Time drilling

Hnfa

ft.' -i' To ///*./ *.\~

DESCRIPTION OF DRILLING SPOILS:
Cover soil depth: 2 FT Description of

fT TO g 13 '

Total depth of wail , 7 f=- , (Diom.

GRILLING CONDITIONS

(Weather, obstructions, etcJ CLCUOV
st,'LTD ft V' :

Drilling

^Drilling equipment.

Jperators names

lb TtoT Mn? Pff/U.



GRS. LUELL COnSTRUCTIOfl LOG
' WELL

L a n d f i l l name:. Dote ///T/g.S'" ,J

I. DIMENSIONS:

a Total depth of wall

i d i
IT

b. Diameter of wail
Datum 0-

C. Wal l casing intarvol

d. Diameter of well casing

e. Slotted interval of well casing,
f r o m 2-3. £ FT to £~7-

f. Permeable material interval 3 £.

g. Impermeable plug interval_i±_

h. Backfill material rntarval 2-c?
T. D«p-rW t. T"f «f -SY;j»/-5e-rH«..oeHr ft?^ £ /= r

H MATERIALS:

^ / i ** / M

Permeable material 7^ TO / Jz. b>Ut'tJ : •"
firrJC . -.-•• • f

Impermaable plug P^MTbKlTE.

Backfilt maleriaS 5"/iTv CLA</ CTiUL.J

/ '' ̂  C" A//'Casing material (incLsfip joints)^ ^2? rlrO

m. CONSTRUCTION:

Method of placing fill materials: K.O&&Z&. ~[}S&. L&AP&L'

M.thnH «f pinrfnr, Cr«fnV TfJUCXT ^TP /T1^^ /̂M .̂
•

Problems enenunfarad: /fr^/<r
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GflS UJ6LL DRILLinS LOG
WELL- No- Z<£ _ _ & ,̂l hi

Landfill nnmar MiPH/^Y JAHPftu. &A$ MlgjgATJflN

Time drilling ^r/»«7to te)LU4j& A T 2;J« I'M ' /fs/fr- - C^KFTG-J f.'SSfi*

DESCR1PT1ON OF DRILLING SPOILS;
Cover soil depth: -f ^T. • Description o-p

f> -42
•42. F

To VjT/gT P4fLT'ni-W DtrC<J~<r<?lcQ a.'feO w,Tt-f

T* £7;ST-T r/AV st-i A-T^O-tAL

- _ . . .'-•-.: ' -î i**/ —-
Total depth of wa" ^7".S~FT. (Diam. j=±Z )

DRILLING CONDITIONS

(Weather, obstructions, atrJ <**><=<L- ^rt^Ty r*

Drilling

jOrilling equi

rators names f .



GRS UJGLL COHSTRUCTIOn LOG
Z.£ U M

1 nnrifill noma: U'C?^V64^Ml<&<24'n^ •-

I. DIMENSIONS:

Q. Total tfapth of welt.. .&{••' t~ >

~^M_ 7/7 uarum u
b. Diamat-ar of wall , , ,., rT J" _

c. Wall easing interval 1 " FT .»

/'I
d. Diameter of well casing 4?

' h

a. Slotted interval of well casing S"S~ fT .

from Z-^ /^7"~ . to 7? ^^

f. Permeabla material interval 5~*? , _

7 ' 9
n tmpermaahla plug interval -^

h. Backfill material interval 1 1 T f~
T. P«P-H, h, Tip -P •5/^>/•5crt^fi•na^^/»JfG t^r

TL MATERIALS:

y/ x y »i
Permeable material /¥• To / 'z &<."S\)
t^~?k- . f

Impermeable plug E5cM"n?^>T£.

Backfill material £/L7V Cu^ CT/U.?"}

Casing material (IneL slip joints) fc 3.^ *'(~'

El. CONSTRUCTION:

Mathod of placing fill materials: %.06&esJTl J&. U?/AP£J2^
•

Method nf plnrfnQ ensinqs TaXXT A^TP rfVPiC^ CxA*\g-

Problem? enca.jntflrsrf: A'C ̂  C~
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T î:

':'!*»;

-i'̂ »î
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GflS UJELL DRILLIHG IOCS
WELL

Time drilling / t r z . - to
M&ZATlON CONTROL. Dgt9 n h t S1T

- - COM r<j? r^ a /.'; a P*\ f</?/tri t

DESCRIPTION OF DRILLING SPOILSi
Cover sot! depth: 2

TO 7f rr- -
Description

7 £

Total depth of well

DRILLING CONDIT'ONS
(Weather, obstructions, ate.)

(niam.

- ^ ' X.TK.£-*< '£ •£.*

Drilling r.«mp«ny

Drilling /.L io^goib7^iacMrt7Cb/a.6<ffeu.Y

names



GRS (HELL COnSTRUCTiOn LOG
WELL Mn ,j)£Lt.*27 ^a^U M //fr5"O I 7

L a n d f i l l name:.

I. DIMENSIONS:

a. Total depth of wall.

• b. Diameter of well__

FT

c. Wel l casing intarval FT

/ 'd. Diameter of well casing fc?

e. Slotted interval of well casing,
from 2^ ^P to 7?

f. Permeable material interval 3 -7 F-

7 f

g. Impermeable plug interval__±:

h. Backfill material interval 'f=T

MATERIALS:

Permeable matarial / /<+

I m p e r m e a b l e p l u g

I

Datum O-

^^P P

Backfill material £ /£7V-CL/*V (T* U.)

Casing material (incL slip joints! g ? B r V d»

ECT. CONSTRUCTION:

Method of placing fill materials-.

Method of placing r.n«ing ^xT Urp

Problems encountered:

•- f.

! • • • • '

O



GRS UJELL DRILLinG LOG
WELL No. 2.'*? ..'.

Time dr i l l ing A*i«.< t>'STP+1 /v///fJ" /T. /2/go c

DESCRIPTION OF D R I L L I N G SPOILS:
Cover soil depth: *• ̂ T Description of

- u,'e>0i> fA-p^e.^ rt.fi sr>c
To fr i=T - r\i.A-Y (

; Total depth of well __£JZ_jfZl ! __ .(Diam. ^L _)-

: DRILLING CONDITIONS
j (Weathar, obstructions,

Drilling

Iperators names

/.L



GRS UJELL COnSTRUCTIOn LOG
WELL No. * z - < 7 ' " o

L a n d f i l l nama:. Dota 4>

I.. DIMENSIONS:

a Total depth of well_

b. Diameter of well

C Xc. Well casing interval__£_E.

d tr
Datum 0-

d. Diameter of well cosing 6

e. Slotted interval of well casing <£.3 *- f
from ^4 ^r to * 7 /-T

f. Permeable material infervol /^ /

g. Impermeable plug intarva(

h. Backfill material intarval fj FT

H. MATERIALS:

Permeable motarfnl V4 To / 'h

. Impermeable

Backfil l material 5/^.ry

Casing material (incL slip jointsl

El CONSTRUCTION:

Method of placing fill materials:

Method of Placing

Problems en countered:

'••~F

• ~ •.• •»"

-••

O
r



C^HS UJELL DRILLinG LOG
WELL Ma. 30

Landfill nnma: VilPU/*Y UwOFlLL &A$ Ml££ATt£>N £otlHZOL Data ./*//2/esr
Time drilling -^^^ KeoFU* T* i,!f0 A* Hf

DESCRIPTION OF DRILLING SPOILS-'

Cover soil depth: 2. FT DescrfpHon of
<5 Tc. .

FT-.

I

I Drilling

Drilling

I. Operators

I Total depth of wall -^ ^' (Diatn.

I DRILLING CONDITIONS

(Weather, obstructions, etc.)
I , :



GflS UJE.LL COHSTRUCTIOn LOS
• W E I L mo ^ ' £0^* M

Landfill nnmfl;

I. DIMENSIONS: -

a. Total depth of well.

b. Diameter of well

O FT

$ Well casing infarvot

/ t
d. Diameter of well casing (c

6. Slotted interval of well casing 2 <£
' from 23 FT to ^<? ̂ r

f. Permeable material interval 2-7/g"/

g. Impermeable plug interval_^r

h, Backfill material interval 2. I P\

IT. MATERIALS:

?/ " _t ' / i f
Permeable material '& To / y>

Impermeab le p lug

Backfill 'material S^TV

Casing material (incL-slip joints) &

Data

I

o
I

•*•

Datum 0-

El. CONSTRUCTION--

Method of placing fill materials;

Method of placing casing:

Problems gneauntarad:

m

w/.

.-»-.

.'•1

tiv
o

r

r

O



GflS ULIELL DRILLinG LOG
WELL Ma- 31 ;

Landfil l
Time d r i l l i n a

*

pata

DESCRIPTION OF DRILLING SPOILS:
Cover soil depth: 2. f*7~ Description

7/ ,

"...

Total depth of well (Diam.

DRILLING CO(VD(T(ONS
(Weather, obstructions, etc.)

Dr i l l i ng

Drilling
perators names



LueiL consTRuciion LOG
WE'LL No.

Landfill

p
I. DIMENSIONS:

a. Tote! depth »f *«»»»
-ft-

/=7"

b. Diametar of well
Datum 0-

c. Welt Basing intsrvat *TS" Yi. FT

f •

d. Diamatar of well casing __er

a. . Slotted interval of well casing

f. Permeable material interval

g. Impermeable plug intervaJ
~

h. Backfill material interval FT
.

J. M r,

IL MATERIALS:

?/ " . 'L " oPermeable material M. To > ̂  K^^'-'

Impermeab le p lug

Backfill motarial C'^AV

Casing material (incL slip joints)i2

HI. CONSTRUCTION-- .

Method of placing fill materials:

) t? ^ g r Vo

Method »f plnrmg

Problems encountered:

a

3

' W-:*.-
*«•.•«*'

m

• *

o

•



LUtLL UKILLII1Q LOG
WELL Mo ^2- C**fA± ti /*7SS

Landfill

Time drilling•a

M&JZAT1&N Dafa

DESCRIPTION OF DRILLING SPOILS:
Cover soil depth: / /^r* Description cf

- CLA

re 2? FT - DcCo-<'lPolf& WcoQ ti.'i =#> Pi./)! Tic. *fL-TXL £-7* ,

- ft* tT - ii-fTH

Fr -

Total depth of '<?/ , (Oiacn.

DRILLING CONDITIONS
" ~ " . 1 . 1 — -min - irn-

(Weather/ obstructions^ etc.) £ - f/Tt? F

Drilling

I Drilling

Operators names

P5M

LL



GRS LUELL COnSTRUCTIOfi LOG
WELL ':No. 32-

L a n d f i l l nama:. Date A//-/ /?.

I. DIMENSIONS:

_ T*-.*-* f «J,«_*U A/ ..< A t f Jr? / f— (a. Total csprn of wen £>/ / ( _

b. ninfnatflr of w$II -*= ' J?^ , .. _ ' '

c. Wall ending mtflrval & 0 Pf

d. Diameter of wall casing _. £• ' ' "
h

a. Slotted interval of well casing tTf, ^T

from '2.4 /=r tn ffo/-T

1. Permeabla material interval ^ J~? f^T _

^f a
g. Impermeable plug interval *-

n. Backfill material interval ,,, " i-c^T
'. ' Dcrp-fW fci T»P «P ̂ /I'f/fefHeHieKf flft, 6/1r/-

J. «i ., &.++.«, » » « •• 2i-/=r
IL MATERIALS: . '

Permeabla material fa •(*» i ; '/*"• fccu'sp &ZA
-. t

Imparmaabls plug PcMt^r^lT^.

Backfill material SILTV/CL'A-* (nc<_> '>

Z.'' J G.>c ^v/yCasing material (incl slip joints) C1 <f 2T r ro

IE. CONSTRUCTION:

Method of placing fill materials: &C&$€$^Tllt£ L&AV£Z^

MP+hnH ftf plnrinrj rr^nrjT 'Tf̂ JJC)̂  \^TP HYP'ZA CXAt^g-

Problems encauntorad: sC' :**'<=

i

j

a

j

i

1

i &*;.

3

«

-:. :.vi

",'cr

#^
' « •.

. -, .

*\ : v
L-"J>

•* \

* • • .• * •
• •*.

1 W "l

> " * **. » *

•**•*
*t *

*.-^

f^»

I.

1
1

1
t

t
I

J
1

t

1

1
1

1
I
I

HP>

b

c-__
;|̂

8

j;S."

5£
~'%

•̂;7

:̂
. .'
'. •-•

• * •

"v*
•-.*' :
*• «

'.*' ""••"'• * *
•. •*•
•.*.' •
,*••."*•* •

;:•%•
*• •*

i *•
••. \'
* * «*

— — ̂ .
. • .

*

ii
1',

I
a '

_

1

;

r~x

)
^J

....

^j

J

^ — >

.._•

~>u



f
. GRS UJELL DRILLinG LOG

WELL Nn 33 Ce^cA^ NJ

L a n d f i l l

Tima d r i l l i n g

Data

DESCRIPTION OF DRILLING SPOILS:
Cover soil depth: /FT Description crT

- o

3c? £T Ttf <Pg ̂  r D*=Cf»4 Pf> £-O ic'ec-a tc-;r» $ ct-cru Puisne vent,

Total depth of well

GRILLING CONDITIONS
(Weather, obstructions, a«e.l - fotd "

CDiam.

P3M
Drilling

names

^•o-- & 3P ^ „ -2-
^i^^&^ZiU.':^^—^ /T2T'



L a n d f i l l name:.

P MX 5^-/ 7^7.07/0
GRS LUELL COHSTRUCTiOn LOG C '

WELL Mn • 5*3* C^A* M /^Vffg

Dot a

I. DIMENSIONS:

a Total depth of well .

b. Diameter of v*ell

c. Wel t casing interval ^ <

/ 'd. Diameter of wel l casing _4r_

e. Slot ted interval of well casing__££_£_!_
f r o m '.:-2-4 ^ to

f. Pe rmeab le material interval

g. Impermeable plug interval. 2'

r:
ir

r!
h. Backfill material interval "Z^FT'
7. rx-p-H, *•• r-p «f -?<i>/-fci4-i<i.ne*t- «;^e ^/rp
• *

]• l\ t\ CWTTtO"^ »• •* '* *• Z- (+ £ f

IL MATERIALS: '•" .

Permadbla material 3/d~" ft ! >!i' &uvf>&ct
•- f

Impermeabla plug C^cMTfir^lT^.

Backfill material £-£. r</ //U/r"'/ (T/t-tM
.'

Casing material (incL slip joints) t-1 a o" » V o

HL CONSTRUCTION:

Mathod of placing fill matarials: fo&G£R.~llZ£ U^AP .̂̂

Method of piecing easing: AQ?£. ^T^ /tY*7»^ CCa/VLe-

Problem* encountarBd: /£ <* ^zf -
,̂

.:«••
*j rt;

l-'.'v
•• »• *

»**"*•

r**/.
^ - • »• * .
'*. »«p

•/."*
* * ."
' \, 4

1 " * *

* •

•"*.'

• -. 3

• " * *

I '
1

1
1

t
1

t

I

•̂

b

•'.*•."
."!'•

» '•• .
' "» *

"* *

.**"•-

•"*•*•'
« * •• "

* • «'

::«•

i'*."*
r. •.
. ^ •

\ • j

_

u

-
'

1



GRS UJELL COnSTRUCTIOn LOG
WELL MQ

Landf i l l Data.

I. DIMENSIONS:

o. .Total depth of well,

b. Diameter of well

c. Well casing interval.

a
o

-ro licy '

_d. Diameter of well casing.

e. • Slot ted interval of well casing
Low«?r f r o m .<=>'&>' to f l& '
Upper f rexn ^ ' to —

f. Permeable material interval
" I C2.'

g. impermeable plug Jnterva!

h. Backfill material interval
*i..
J, "\ " bottom.1/.. ." ____ u

IL MATERfALS:

Permeable motariaJ

Impermeable
- *'

Backfill matflriat

Casing material (incL slip joints)

m. CONSTRUCTION:
Method of placing fill materials:.

Datum

Wethod of placing

Problems encountered:.



Gfl'S UJELL DRILLinG LOG
WELL No- 3^ ' COQgm. H/frg^.ZF\ '

Landf i l l nnma;

Time dr i l l ing

Ml /̂ RAT/OH. ~ 7T Pnta

DESCRIPTION OF DRILLING SPOILSr

Cover soil depth:
O - -S'

Tola! depth of well

DRILLING CONDITIONS
(Weather, obstructions, «te.l

Description

.(Diam.

Drilling earn pony

Drilling eauipmant .&O

Oparators names

£

(/!£E£LL-



LOOSE FIT
6" PVC CAP .,•-•

NATIVE SOIL BACKFILL

6" PVC RISER

8"x6" 'PVC REDUCER BUSHING
SEE DETAIL FIGURE: B-5

NATIVE SOIL

SLIP JOINT
SEE DETAIL FIGURE: B-5

6" PERFORATED PVC
WELL CASING
SEE DETAIL FIGURE: B-4
CASING CONNECTION
SEE DETAIL FIGURE: B-4

6" PVC CAP

NATIVE SOIL

BENTONITE

6" PERFORATED PVC '
WELL CASING . .
SEE DETAIL FIGURE: B-4-

CASING CONNECTION
SEE DETAIL FIGURE: B-4

6" PVC CAP

FIGURE B-3:
MIDWAY' LANDFILL
PHASE II .
VERTICAL WELL DETAIL



GflS UUGLL COnSTRUCTIOn LOG
: • WELL M»

Landfill

I. DIMENSIONS:

a. Total depth of welL__
• r1 • '

b. Diameter of well

c. Well casing intervat

/ " ^ C2 "•.d. Diameter of well cosing fa "5 es

e. • Slotted interval of well casing
Low<2i- frnm ~7<£=> ''tn

Upper from ^^ to —
f. Permeable material interval.

g. Impermeable plug interval.

h. Backfill material intarval
T... Peprj-h to top of

E. MATERFALS:

Permeable matariar

D0t9 22 ".

Datum

Impermeable plug SeM"Tg'Mrn=-'-

Backfill matarial

Casing material (incL slip joints)

IE. CONSTRUCTION:

Method of placing fill materials:. &

Method of placing ">/!'$>&'

Problems encountered:



GflS UJ€LL DRILLinG LOG
WELL MO.

Landf i l t
Time d r i l l i n g ^ .

DESCRIPTION OF DRILLING SPOILS:
Cover soil depth:'

Total depth of well

Description

.CDiam.

DRILLING CONDITIONS ..
(Weather, obstructions, atc.1

Drilling r.nmpnny

Operators names

D7?;t-U*j>£*



r.

8" PVC, 20' LONG

BENTONITE

GRAVEL BACKFILL

6" SOLID PVC PIPE

LOOSE FIT
6J1 PVC CAP-.- "" '

NATIVE SOIL BACKFILL

PVC RISER

8"x6" PVC REDUCER' BUSHING
SEE DETAIL FIGURE: B-5

NATIVE SOIL

SLIP JOINT
SEE DETAIL FIGURE: B-5

6" PERFORATED PVC
WELL CASING
SEE DETAIL FIGURE: B-4
CASING CONNECTION
SEE DETAIL FIGURE: B-4

6" PVC CAP

NATIVE SOIL

BENTONITE

6" PERFORATED PVC
WELL CASING
SEE DETAIL FIGURE: 8-4

CASING CONNECTION .
SEE DETAIL FIGURE: B-4

6" PVC CAP

FIGURE B-3:
MIDWAY" LANDFILL
PHASE II
VERTICAL WELL DETAIL

0



31-1550-14-
GflS ULJELL COnSTRUCTiOn LOG

WELL No. ^ Coord-s

Landf i l l Dots.

I. DIMENSIONS:

a Total depth of wall

b. Diomater of well

c. 4-We It casing interval

.d. Diameiar of well casing

e. • Slotted interval of well casing
Uow<?r from ~7&' to

Upper f rom ____2^__— to
f. Permeable material interval

g. Impermeable plug interval

h. Backfill material fnterva.l
I, P«»pth to top.of
j, H\ " bottom _B/

E. MATERIALS:

Permeable material

lmpermeabe plug

Backfflt mafarfflt

Casing material (incl slfp Joints)

CONSTRUCTION:

Method of placing fill materials:

Method of placing ™«.'«gi

Problems encountered:



Landfill nnma: M

TIma drilling

GflS UJELL DRILLIflG LOG
WELL No._f&2__

M/szj?A-noM -

£ 70043. 0__

Date.
(

DESCRIPTION OF DRILLING SPOILS*
Cover soil depth: Description

_ \

Total depth of well

O

DRILLING CONDITIONS
(Weather, obstructions, aie-1

Drilling campnny

Drilling eguipmant %O ToM '&MA ' &&A/&

Operators names ^fcvV ' \//fi?b6£JL- .
• '

t&lU.

O



8" PVC, 20' LONG
BENTONITE

GRAVEL BACKFILL-

6" SOLID PVC PIPE

LOOSE FIT
6" PVC CAP

NATIVE SOIL BACKFILL

6" .PVC RISER"
8"x6" PVC REDUCER BUSHING
SEE DETAIL FIGURE: B-5

NATIVE SOIL -

SLIP JOINT
SEE DETAIL FIGURE: B-5

6" PERFORATED PVC
WELL CASING
SEE DETAIL. FIGURE: E-4

SEE DETAIL FIGURE: B-4

£M

t

CAP

NATIVE SOIL

BENTONITE

5" PERFORATED PVC
WaL CASING
SEE DETAIL FIGURE: .8-4

CASING CONNECTION
SEE DETAIL FIGURE: B-4

PVC CAP

FIGURE B-3:
MIDWAY" LANDFILL

VERTICAL WELL DETAIL



GflS L1JGLL COnSTRUCTIOn LOG
WELL MQ r-/ Coord-s ?7~.7. 6 1

Londfil! nnma: H I

I. DIMENSIONS:

a Total depth of welt

. b. Diameter of well

.c. Well casing interval

X " '.d. Diameter of well casing ^ "~

e. Slotted interval of well casing
Lower from ~~?'Z~ to
Upper from ._ "&=>' to

f. Permeable material interval
£><S>' •

g. Impermeable plug interval

:t£ Date

Permeable material l-^u

Impermeable plug

Backfill material -SilrTV

Casing material (incL slip joi
" W S"

Method of placing

n. Backfill material interval
to top.of s]if/settJ<arT)enf p'pe •

j - "', " bottom _"/. I1 " -
E. MATERIALS: '

Iff. CONSTRUCTION:

Method of placing fill materials

Problems encountered:.



GflS UJGLL DRILLinG LOG
WELL NO. -4-1 • ' Codecs

Landf i l l name:.
Time d r i l l i n g

Date.

DESCRIPTION OF DRILLING SPOILS?
Cover soil depth: .

Totaf depth of well

DRILLING CONDtTfONS
(Weather, obstructions, ate.1

Description

.CDibm.

Drilling rnmpony

Drilling

-Operators names c ',



GRS UJELL consTRuaion
•^ WELL No._f^__ Coords .& g ? ? -^ 7-

L

Method of placing fill materials; &4T:

| npHflll nnrnA, H IC?\*i&f <^<^6) Hl̂ ^mOki - PH><f

I. DIMENSIONS:

a Totnl depth o' well , _,, .„..'. '

" • " <7/L" • Datumr
b Diamfltflr of wfl" . ...._, . .r? , '

r.f W^lf crying interval ** .

d. Diameter of well casing .'r'"^ ^ "

P . Slnttsd interval of welt casing ..

\ f-r-Ljs>r from . *7rfr -.. to fe>z.
Llpp^f •fporri "Z£>' -fr) s'Z.

f permenhla materiaf interval . _ ,

U^Ssz f=?Z=>rt -2,-z. ' '
Q- Impflrmflnblfl plug irrtarval r _„ ?~ ..._.-^'

h. Backfill material interval /f '

T.. P«pth to top .of ^]T(^/5^tti^fnen't pip^ ^
~\. "' |l bottom »/ " ' " "26»'

IL MATERIALS: '

l u
Permeable material IT&- ̂ .vi6e>i-teo

Impermeabla plug BSJJ"T£?M IT&'--'
*̂ .

• >" .

Backfill material -Sjî V . •irUi.'-r̂
• -. •

* . — . - .

Casing material (IncL slip joints) "̂ ^H1, 4<5

IE. CONSTRUCTION:

-vP-

°1

h

9

f

HI

•^—3
/

j

e

"'

9

\

1

C

I-

r

ate

i
3tej
S

\
HP
rf^*!;'

$?(
'. '.'•

. «."-

•• J.

•;
;.v

:.v"̂
'»"••c-V"«t
//.•>::•''
;o ."
• • .

. •*.

• t. *c

* * • •

.-̂ •,

» *^

d l

^_

1

t

1

t

1

1

J
t

. b

IPitit
B
lit

SH
#SK&JT.

V%j%
1 " *

'. »»

** * • * .

«!••-*
/-••.:/
~i'*'
•-.'« r

iJ'Vl'*''?.'

itxV-fj

•:-V^
Ok " '

'«.:';4

% "» •-

•!r •*-•-•» . *• ••• (
*. ••. '. '•
". '•''' .• '

r\-

l
i

1

'
J

i

7-'"''
•>V':'i

• a

'.ui 0.

..V

â£

*':«

aVis
• •

-

i

_v\

=\

u

--<k

^
• -.

<̂J-
J,

/I*
• a
^ •
. o
d-
•o

.'» •

*Q-

i ••, *<i
:̂?
o

"-•

• 1
1

]

•

. 1
ri

L

r
j

f "i1 1
.j

[
«:j

I

^

H

VtI

1*.

i1
[1

11

1

Method of placing r &> '&MA ' C&!t/6.

Problems encountered:.

6
r



GflS'UJeLL DRILLinG LOG
WELL No. <fe ' CQQgng-Kl/22S.£>P

Landf i l l

Time drilling

DESCRIPTION OF DRILLING SPOILS?
Cover soil depth:

Total depth of well

DRILLING CONDITIONS
(Weather, obstructions, ate.1

/

Description

, (Diam.

Drilling cnmnnny

Drilling eguinmant

Operators names v^X/ '•'IA&D&CL- 'i



r >-.

LOOSE FIT
6" PVC CAP

NATIVE SOIL BACKFILL

O

6" PVC RISER

8"x6" PVC REDUCER BUSHING
SEE DETAIL. FIGURE: B-5

1.

1
NATIVE SOIL

SLIP JOINT
SEE DETAIL FIGURE: B-5

5" PERFORATED PYC
WELL CASING
-.SEE_DETAIL FIGURE: B-4

CASING CONNECTION
SEE DETAIL FIGURE: B-4

6" PVC CAP

NATIVE SOIL

BENTONITE .

"6"' PERFORATED PVC
WELL CASING
SEE DETAIL FIGURE: B-4

CASING CONNECTION .
SEE DETAIL FIGURE: B-4

6" PVC CAP

/
>/

^

FIGURE B-3:
MIDWAY" LANDFILL
PHASE II
VERTICAL WELL DETAIL



GflS UJGLL COnSTRUCTiOn LOG
WFI ( MQ Coords gy£?7r?. 2

Landfill Data.

I. DIMENSIONS:

a. Total depth of well__

b. Diameter of well

C. Well casing intarvat

d. Diameter of well casing. -

e. • Slotted interval of well casing
Lower from "^ to :

Upper -prom _?f2-l__ to
f. Permeable material interval.

g. Impermeable plug interval

f To &O '
-22' To <f-/'

*2.'_

h. Backfill material interval
hh to

. j, '" ,. - »• bottom_B/ _•. I'...-
E. MATERfALS: .

Permeable materiai

Impermeable p tug

Backfill material

Datum

Casing material (incL slip joints)

H. CONSTRUCTION:

Method of placing fill materials: L^ ĵT. /5

Method of placing

.Problems encountered: ZZ3U,



GRS UJELL DRILL1HG LOG
WELL No.

Landf i l l name:.
Time d r i l l i n g

Date

DESCRIPTION OF DRILLING SPOILS*
Cover soil depth:

Total depth of well

DRILLING CONDITIONS

(Weather, obstructions, etc.)

Description

. CDiam.

Drilling

Drilling equipmant

Operators .names ,



LOOSE FIT • ^
6" PYC CAP

NATIVE SOIL BACKFILL

6" PVC RISER

x6" PVC REDUCER BUSHING
SEE DETAIL FIGURE: B-5

NATIVE SOIL

SLIP JOINT
SEE DETAIL FIGURE: B-5

6" PERFORATED PVC
WELL CASING
_SEE_DETAIL FIGURE: B-4
CASING CONNECTION
SEE DETAIL FIGURE: B-4

PVC CAP

NATIVE SOIL .'

BENTOKITE ..... ,. -

PERFORATED PVC "
WELL CASING .

.SEE DETAIL FIGURE: _B-4
. • ' . '

CASING CONNECTION .:
SEE DETAIL FIGURE: B-4

6" PVC CAP

FIGURE B-3:
MIDWAY" LANDFILL
PHASE II
VERTICAL WELL DETAIL



GfiS UJ6LL CpnSTRUCTLOn
WELL No *~£- * Coord*-

L a n d f i l l Date

/?/%?-

I. D I M E N S I O N S :

o. Total depth of well

b. Diameter of well

c. Wel l casting Interval

.d. Diameter of well casing

e. • Slotted interval of well casing
Lower f rom "Z-e? tO

Upper from ^° to

Permeable matarint

t rnparmf tab ta p t u g

Backfill material

Casing material (incL slip joints^

f. Permeable material interval

g. Impermeable plug interval 4-

h. Backfill material interval
I, Depfh to t<3p-of

.J, n ',. ' "
IL MATERIALS:

IH. CONSTRUCTION:

Method of placing fill matariata:

Method of placing

Problems encountered:.



GflS UJGLL DRILLinG LOG
WELL NO. ' CCOSDS , 2

Landf i l l -name:.

Time d r i l l i n g -

Data

DESCRIPTION OF DRILLING SPOILS*
Cover soil depth:

£?'- "5 '

Total depth of well

DRILLING CQMD1TIONS
(Weather, obstructions,

Description

.CO tarn.

&J&-T 4

Drilling rnmpnny

Drilling enuipman

Operators names



GflS UJGLL COnSTRUCTIOn LOG
WELL Mn

! nnrlfll! nnmflr Fl \\?^&&C <^VO MI<^K£*T)C>^] - FH Ê

I. DIMENSIONS:

AJL>i. Total depth of wall,. £^.T~

"> ' •• '7 j « • Datumr
b. Diam^tAr o* *«M' ._ • -™~T

c, W«l| co^'ng intfiPvaf .... ,.
.<£»." ^•s/it/»cu?a?)

d. Diomatsr of well casing S" ^D^P^} ,

«, • Slotted intervnl of well casing

Upper- fr/vp ~CJo • -fn 42L

f. 'perTienhlfl mntarinl interval . 2."Z-'~S4-' _

g. Irnpermanhfa plug interval "^ ^T* .„ •;,..

h. Backfill matarial interval /& Pf

1 .. Pepth to top of. ̂ Jip/^fH^'f'nf P'P^ '̂

J- »• '• battrtm "/ » 'll "Z£'

E. MATERfALS: ^ • '

t H
Parmaflbla material !-̂ l- v*Ss ,̂(4eo

C3=^kS. • '

tmparmaabla plug .SSMTSpMrTS-"-
b - m , . . . . .
- *' .

Backfill material "S-iî f̂  ^LAV -.-..: • • - ' • " *
' • • • • • •

Casing matarial (incLsIip joints) "̂ ^H^ "T*-3

DT. CONSTRUCTION:

Method of placing fill materials: ^^T ^3/ S .7fex?<^

Method of plnrinrj cnsmqs ^^ "£?V ^./Wv? * <^/?V£

Problems encountered: . •
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v

GRS UJGLL DRILLIflG LOG
' COORDS JWELL No.

Landfill —°-

Time drilling

Data

DESCRIPTION'OP DRILLING SPOILS:
Cover sot'1 depth: Description

* -4/2J

'4s'^

7-7' -

Total depth of .CDiam.

DRILLING CONDITIONS ''v'^Sn '•' -".'/ :VV . '
(Weather, obstructions, afe.1 <Lt-oist=><r'

// .Drilling rnmpnny

Drilling eouipmant && 'left 'L)MA '

Operators names •DRK.J-&R /



8" PVC.^O1 LONG
BENfONITE"

GRAVEL BACKFILL

6" SOLID PVC PIPE

LOOSE FIT
6" PVC CAP

BATIVE SOIL BACKFILL

6" PVC RISER "—

PVC REDUCER BUSHING
SEE DETAIL FIGURE: B-5

0

MATIYE SOIL

SLIP JOINT
SEE DETAIL FIGURE: B-5

6- PERFORATED PVC
WELL CASING . .
SEE_DETAIL FIGURE: B-4
CATlNG CONNECTION
SEE DETAIL FIGURE: B-4

- PERFORATED PVC
WRL CASING .
SEE DETAIL FIGURE: B-4

CASING CONNECTION .
.SEE DETAIL FIGURE: B-4

6- PVC CAP

O

o
FIGURE B-3:
MIDWAY' LANDFILL
PHASE II
VERTICAL WELL DETAIL



3i-i550-[4-

GflS QJGLL COnSTRUCTIOn LOG
WELL No;l

L a n d f i l l

I. DIMENSIONS:

a. Total depth of

b. Diameter of well

c. "Welt casing interval

.d. Diameter of well casing

e. • Slotted interval of well casing
Lower f r o m -— to
Upper from ^^ to 4-~?.S

f. Permeable material interval "2/Z*1-

g. Impermeable plug interval.

h. Backfill material interval
I, D«prrh to top.<sf 5

-j. '" .. " botfom_'/ .....'!
E. MATERFALS: .

Permeable matariaf

impermeable plug

Backfill material

Casing material (incl slip Joints)
" ^1 S"

Eff. CONSTRUCTION:

Method of placing fill materials:

Method of placing £>'

Problems encountered:.



GfiS UL16LL DRILLinG LOG
WELL MQ.

Landf i l l name:.

Time dr i l l ing •

Data/2-/3-

DESCRIPTION OF DRILLING SPOILS:
Cover soil depth:

Total depth of well / —»

.DRILLING CONDITIONS.
(Weather, obstructions, etc.).

Description

.CDi'am.

Drilling company.

Drilling equipment

Operators names , J&pJ

/V.

"BR't-L?& ]//RC&J_



;; v ,-.-

8" PVC, 20' LONG

BENTONITE

GRAVEL BACKFILL*

.6" SOLID PVC-PIPE

LOOSE FIT
6" PVC CAT' - - " • •

NATIVE SOIL BACKFILL

6" PVC RISER

8"x6" PVC REDUCER BUSHING
SEE DETAIL FIGURE: B-5

NATIVE SOIL

SLIP JOINT
SEE DETAIL FIGURE: 8-5

6" PERFORATED PVC
WELL CASING
SEE DETAIL -FIGURE: B-4
CASING CONNECTION
SEE DETAIL FIGURE: B-4

6" PVC CAP

NATIVE SOIL

BENTONITE ' - . . _ ' . .

"' PERFORATED PYC 1"
WELL CASING
SEE DETAIL FIGURE: B-4

CASING CONNECTION .
SEE DETAIL FIGURE: B-4

6" PVC CAP '

J >
4-49

FIGURE B-3:
MIDWAY LANDFILL
PHASE II
VERTICAL WELL DETAIL



UJcLL UJllblRUUlon LOG
WELL No.__^Z_ Coords E .'9Z5Z,? -,

Landfill Hl*£T3&rp£»|>J -
O

g: tC Date.

I. DIMENSIONS:

a. Total depth of we]I—.

• <:'"' "•'-.- -^y'' .
b. Diameter of well —(<r—-

S-7

Datum

.
c. Wel l casing interval

To

d. Diameter of well casing

e. - Slotted interval of well casing
Lower from ^ to
upper fnorn ^^ to

f. Permeable material interval.
-Si' TO ©7'

. 2-2>> T^1 3^'
g. Impermeable plug interval 2L1

h. Backfill material interval
[.. P<?pth to top of sli
j, "' . " bottom..'/

H. MATERIALS:

Permeable material

Impermeable plug

Backfill material

Casing material (incL slip joints)

CONSTRUCTION-.

Method of placing fill materials:. 4^*5/

Method of placing ~Jr>*J '( SO '

Problems encountered:.



GflS UJ6LL DRI.LLIflG LOG
WELL N o - ' COOEC6 3 E

Landfill name:.

Time drilling

DESCRIPTION OF DRILLING SPOILS*
Cover soil dapth:

Total depth of wel l

• Description

.(Diom.

DRILLING CONDITIONS
(Weather, obstructions atc.1

Drilling

Drilling equipment .

Operators names
y



8" PVC, 20' LONG

GRAVEL BACKFILL

6" SOLID PVC PIPE

I

t
1
t

•3-

t '

. V?

<>
V^

\

\

To

LOOSE FIT
6" PVC CAP .

NATIVE SOIL BACKFILL

6" PVC RISER

8"x6" PVC REDUCER BUSHIN'
SEE DETAIL FIGURE: B-5

NATIVE SOIL

SLIP JOINT
SEE DETAI-L-E'rGURE: B-5

6" PERFORATED' PVC
WELL CASING
SEE DETAIL FIGURE: B-4

CASING CONNECTION
SEE DETAIL FIGURE: B-4

CA?

NATIVE SOIL

BENTONITE £4/S2<L3 <£

6" PERFORATED PVC
WELL CASING
SEE DETAIL FIGURE: B-4

CASING CONNECTION
SEE DETAIL FIGURE: B-4

6" PVC CAP '

FIGURE B-3:
MIDWAY' LANDFILL
PHASE II
VERTICAL WELL DETAIL

o



Well Installation Log
Job No. 5T-)55-Q- 35 Client S Location

MGTVPE Z(-_j Q(j pV£ DRILUNG METHOD

SAMPLING METHOD
-- W WEU. NQ

JOINT TYPE

SCREEN TYPE 5,̂ 7- - O.OSQ"

SLOT SIZE /9 r,<-£,

HAMMER WT. DROP SHEET /

OF -)

SEAL TYPE 'P. &STLWL) L&!ZV—(3AZ£)

H»

DRILLING CONTH. START FINISH

INSTALL. METHOD *f7> WATER LEVEL

FILTER

INSTALL DATE

GROUT

WELL DETAILS CEPTH uses SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES

i/'TV

ZV SILT

PLASTIC. AUTO AfQ"i k /,/.
AKr , ELEC.T.

u -sr -

r- iyoor> . PLASTIC. META

'^iJ^.f' IJOCb

Paramctrlx. Inc. 6/87



Well Installation Log
Job No. Client. Location. D

LENGTH SAMPLING METHOD

JOINT TYPE

SCREEN TYPE

SLOT SIZE

HAMMER WT. DROP

DATE

BY

SHEET

OF

SEAL TYPE DRILLING CONTR. START FINISH

INSTALL. METHOD WATER LEVEL

FILTER TIME

INSTALL DATE

GROUT

WELL DETAiLS . DEPTH USCS SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES

,<" n;

i"lo

* —

.
9' ; 0 0 o

o , 0

LAVA RocK

SLOT

' O / 0
1 a - (j r
o" « , 0

tJ -° o
C -.-) 0 ••

i Q -

i'0'l = p.^y.j

°t\ — C > / 7 -?' :

'- agg^ r̂̂ f̂  Q fl" pvr SLIP CAP

J PnRTLAWCi ££ME7NT

//<3-r

L

, S/4-A./D ; £r<A

•DOLL. a/-. O
TXZ.

TV

i

ParametrU. Inc. 6/87



Well Installation Log
Job NO Client crr Location A7W/AV

NGTYPE

LENGTH

DRILLING METHOD

SAMPLING METHOD

WELL NO

41
JOINT TYPE HAMMER WT. DROP

SLOTSIZE

SHEET /

OF n

SEAL TYPE /5bviTTi /-V.^ - ( £f DRILLING CONTR. ufeU. START FINISH

INSTALL. METHOD WATER LEVEL

FILTER TIME £-2- Si 7-5P-&
INSTALL DATE

GROUT

WELL DETAILS DEPTH USGS SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION MOTES

20--

o.| 'W~ A"

Ml/A HO —

6" PVC SUP- COUP

-20-

W/A

n

OAV'fV 5/i.T

O Q &' -. {j

0 u 0
•' J ?L^-^n(-

Parametrtx. Inc. 6/87



Weil Installation Log
Job No.. Client. Location. o

^G TYPE DRILLING METHOD

SAMPLING METHOD

WELL NG

11
JOINT TYPE

SCREEN TYPE

SLOT SIZE

HAMMER WT. DROP

DATE

BY

SHEET O

OF -7

SEAL TYPE DRILLING CONTR. START FINISH

INSTALL METHOD WATER LEVEL

FILTER TIME

INSTALL DATE

GROUT

WELL DETAILS -i
'

DEPTH USCS SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION ftiOTES

' 9 3

0 .
'.•

( V A. }

fi " /vc

110 —

1 PCS /-

Vs £?#.\/f-~L

V1 (Joo'h. 6

.- r (.. l \ \ . n cv

O
Parametilx. Inc. 6/87



Well Installation Log

NGTYPE #0 7VC
UfNGTH

DRILLING METHOD

S6.MPUNG METHOD

WELL NQ

.JOINT TYPE fiLUC 1 Sc.')
SCREEN TYPE

SLOT SIZE

HAMMER WT. OROP SHEET 1
DATE

J.
SEAL TYPE DRILLING CONTR.

INSTALL. METHOD WATER LEVEL

FILTER TIME

INSTALL DATE

GROUT

WELL DETAILS DEPTH uses SOILSESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES

-r£>. II

- \rJOQ Dj Pu^STJf

'0 -r

DRElf GXA* 'SILT.

:J0 —
32

HO —

(JOoft SCMf

50 —

60 —

Lft(.l< . ^/LTV

Parametrtx. Inc. 5/87



Well Installation Log
55-155-0-a Client Location

o
NG TYPE

LENGTH

ORI'LUNG METHOD

SAMPUNC METHOD

WELL NO.

JOINT TYPE

SCREEN TYPE C_ ,,r
SLOT SIZE

HAMMER WT. DROP

DATE
SHEET 2

OF 7
BY

SEAL TYPE DRILLING CONTR START FINISH

INSTALL. METHOD . WATER LEVEL

FILTER TIME

INSTALL DATE

GROUT

WELL DETAILS DEPTH USCS SOIL DESCRIPTION

•GROUND ELEVATION

INSTALLAT1ON NOTES

'

70

1/0 —

no—

F

MdTAL

rl-ASTl c 100

PLASTIC. .

- MosnV

TTs/^iT S/L.'T. AMP"

<JL

OF

-uJ

O

Parametrlx. Inc. 6/87



AX/ell Installation Log
Job No. Client 5nnn U/ASTE" Location MiDwAy LANDFILL

NGTYPE "

LENGTH

DRILLING METHOD

SAMPLING METHOD

WELL NO.

52.
JOINT TYPE

SCREEN TYPE <jf>T

SLOT SIZE mflSfr»

HAMMER WT. DROP" SHEET I

OF -J

SEAL TYPE DRILUNGCONTR. CtelLLJMfi FINISH;

INSTALL METHOD WATER LHVEL

FILTER' //lt/x! TIME

INSTALL DATE

GROUT

WELL DETAILS DEPTH USCS SOIL DESCRIPTION

GROUND ELEVATION

iMSTALLATlON NOTES

'USS" - U/'oon

.rt£T7Xl

SAMS'

i-A_

T/"^ UJl'zf Mi-TB

Parametrfx. Inc. S/87



Well Installation Log
Job No.. Client. Location. _0

NG TYPE DRILLING METHOD

SAMPLING METHOD

WELL NO.

JOINT TYPE

SCREEN TYPE

SLOT SIZE

HAMMER WT. DROP

DATE
SHEET 2

OF -,

SEAL TYPE DRILLING CONTR. START FINISH

INSTALL. METHOD

FILTER

WATER LEVEL

TIME

INSTALL

GROUT

DATE

WELL DETAILS DEPTH USCS SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES ,8k.-

,<^n

0 O

A )

/A/rTRS£>C"^Ti

/ -' A/eG )

SO

5

O.

mac?
i

70
Parametric. Inc. 6/87-



Well Installation Log
Job No. 55- Client Lg SOLI Location M/fWAV

_ 'GTYPE Sw fl0 pVC. £" ,
//5 '

LENGTH

DRILLING METHOD L£ TCQI - IH
SAMPUNG METHOD

WELL NO.

53
JOINTTYPE >J "XL

SCREEN TYPE- Afep,70w,-Ai. C

SLOTSIZE

HAMMER WT. DROP

DATE
SHEET /

OF I

SEAL TYPE Brw — .V/"^ CfJfP DRILLING CONTR. nNISH

INSTALL METHOD S' / i-i WATER LEVEL

FILTER TIME B-n
INSTALL DATE

GROUT

WELL DETAILS DEPTH USCS SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES

- 2D

30-1-

40 —

P>J&T<C.

ri&£ - PATTS? PLASTIC

/5iTr/JS.'£"- Jv'bOO . MfTAL

. A-'CScT

5O-r-

r

70—I kj' ;,y'/a ,̂:" ~Ai'~> J> . ^ ^ - • • b -'3-J .--JT -̂

Parametrlx. Inc. 6/87



Well Installation Log
Job No. 5S- 1550 -3.5 Client SEATTLE" SWl/ Location o

_E\Ld
LENGTH

DRILLING METHOD

SAMPLING METHOD

WEU-NQ

JOINT TYPE

SCREENTYPE
2£1MT-A L .SLOT-

HAMMER WT. DROP
SHEET

J. H(C«gR

SEAL TYPE T^r £/-•/=: / Pz ff^MENT DRILLING CONTR.

INSTALL. METHOD tiOf>PE£ 1 6&OUT WATER LEVEL

FILTER |/£S/Ct/LAR. LAVA TIME /0-5" -v
INSTALL DATE

GROUT

WELL DETAILS IjbEPTH USCS SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES

c CLEAN .-"/Li.

g"x

/ ' " /^"n 3" 3tL- REDWCJE

8" Pvc

J

Cw/P

^l — «•" Z-AVA ROCK

= ^T-A"PVC SLOT

Iih± t̂i6" pj/r SL/P cVlP
BfNTON/TE^^a

SA/V.'? -^ P

1 (S

— ie.^Vs'i- P:" PVC SLOT

-'~°?*'a-'r- LAVA

/0+-

30-1-

VO—

STOCKPILE: F/LL

~ P'1 L

h

R£FU5e: - U/OOD P.AP^ R
. SLASS . METAL

PAPF3

Cook ^- 5£V

FLt

PU,Sric

ZSfV ^CMT:'S . /vfe
,QL

- /.;«*=> O
ParamcWx. Inc. 6/87



Well Installation Log
Job NO 55-lSSO-jLS- Client. Location.

W-

NG TYPE

LENGTH

JOINT TYPE

SCREEN TYPE

SLOT SIZE

SEAL TYPE

INSTALL. METHOD

FILTER ' .

INSTALL

GROUT

.WELL DETAILS

j i
U

"'.

"o

a

c>

Jl
tf

ô\
^o

°<

«T

__—

' —

L —
—

—

~~~

—

—

—

—

'̂ •^
= • .-? r ='

v.'ia"- o

Jj'-fjJ,--

-̂  Ji ^^ -̂  .T

•i j- ^ ^ .'. '

o -^ *b *
•j' o^* -^
•' -* ".*.* — ̂

,?CJ -' Vi

a-,'«^°

3°!^>ft
j o'4 n IG

^•M,? -

_T~ — — — ~

////// ////////

8 PVC -SLOT

LAVA. RocK

.

- a"sup -CAP(I-PL)

I

DEPTH

10

—

-

~

-

~

uses

~~ _

DRILLING METHOD

SAMPLING METHOD

HAMMER WT.

DATE

BY

DRILLING CONTR.

WATER LEVEL

TIME

DATE

SOIL DESCRIPTION

GROUND ELEVATION

WELL NO.

5^ N

OROP SHEET 7

or j_

START FINISH

_,i"-

,

RfePUSt - /jonrs . MtTAL PLAST
^^V£L VA35i*-/s'Z£ S?' i!VL'\
S/LTV wiMVcl- , (AfiWOHift f/ZX.

fep-Af - CAtt&O-^^Ls, pU Î i-

^ARl>UA f̂ CCNC.K-̂ ~r=~ &L\<6

P/Pfc". V.),;L '&& Afev5T,i^^£K

OIL SHEEri

Ke^U^e. - Mnsrm' Luotib iy/S!
y

- p - , , ;C k l i— .--^-v CLA^c^ ^

^^£ S4 îE.̂  6e4KcL ,-,--Vn
E.Ny^ OF i-IOLf •} f"7

INSTALLATION NOTES

'C

DcR

O

P/4f>^K

i£b->

in\f

T ' /£>•*£• <AK£>

3S^£JT CjL£î  U/A&

Parametrtx. Inc. 6/37



Well Installation Log
Job No. Client <f*TTLL~ Location o

NGTYPE p,/C -

LENGTH
DRILLING METHOD

SAMPLING METHOD

JOINT TYPE £.fjt,£l*JS.

SCREEN TYPE

SLOT SIZE

HAMMER WT. DROP

BY
OF

SEAL TYPE DRILLING CONTR. RN1SH

INSTALL. METHOD WATER LEVEL

FILTER TIME

INSTALL DATE

GROUT

WELL DETAILS DEPTH. £&SCS SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES

Y/,
Y/,

V
y,

O/

/*,

J

TVc

•0
-•5 --

o\

s:

10 -J-

IS

ZO —

<IL3~

TKftff

jy î.

O

D
Parametrix, Inc.



Well Installation Log

NG TYPE ORILUNG METHOD

SAMPUNG METHOD

WELL NO.

53-

JOINT TYPE

SCREEN TYPE

SLOT SIZE

HAMMER WT. DROP SHEET 2.
DATE

3Y

SEAL TYPE DRILLJNG CONTH. START RNISH

INSTALL. METHOD

FILTER

WATER LEVEL

TIME

INSTALL

GROUT

DATE

WELL DETAILS DEPTH USCS SOIL DESCRIPTION

GROUND ELEVATION

JJNSTALLATION NOTES

.,M=rT7»i_

T/12£S

- U/onb MgTAi PtASnC

Parametric. Inc. 5/87



Well Installation Log

JGTYPE

LENGTH

DRILLING METHOD

SAMPLING METHOD

WELLNQ

JOINTTYPE

SCREEN TYPE

SLOT SIZE

HAMMER WT. DROP

DATE 7-/V-81
SHEET

OF 3

SEAL TYPE DRILLING CONTR.

INSTALL. METHOD WATER LEVEL

FILTER TIME 7-8
INSTALL DATE

GROUT

WELL DETAILS DEPTH USCS SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES

10

30-t-

YO-L-

S/LT A//

SJL.T

S~- Licab , P

SU.T/ ?IJL.T
or tjao ^ , ''i AST, '— . <>7V3t2 -+>*A

^£_

O

o
Parametric. Inc 5/8'.



Installation Log
Job No. Client. Location.

1C TYPE.

LENGTH .

JOINT TYPE

SCREEN TYPE

SLOT SIZE

SEAL TYPE

INSTALL METHOD

FILTER

INSTALL

GROUT

WELL DETAILS /?•.• .

» ~ *

n o
a. ~ 3

1 - 5"

i< ~~ \ •
JSjtt.L.

W///S
fe

-^> ^"^

^r"0'
' '̂ "̂ ji.1"

r̂ .x.
&° £>

&' Pl/£ CAP (£.&-}
S///2 ~~~ ffeTLAMC> T£>!cXrf~

y/7/r,— &x^rzw/-)2 C^/p_r

1

k

DEPTH

X

-

,_

uses

>

DRILLING METHOD WELL NO.

SAMPLING METHOD ££

HAMMER WT.

DATE
DROP SHPPTT

BY Ur^

DRILLING CONTR.

WATER LEVEL

TIME

DATE

START FINISH

SOIL DESCRIPTION

GROUND ELEVATION

ferust - TS\j.c« r-!i»v. - tja>i>
pi_jA ST1 c» />•/ r*Tfr t AiV* i? *̂>-/̂ vi— "

PA?--R: ev,^^^ rf MSH. U/KT>'

- PLASTIC. .̂.M^Lr (̂ -r̂ -̂ SW,vAs

iCflTJ' /&1SJT7S TUIV^C

''V"?J^-^ i~/:v="L

(

^15flV£7 ^/(i>33i£S <£>Mf

toati^- ^=A^

£"WD oP AtecT ftf~ ?£.h

INSTALLATION NOTES
J

Parametrfx. Inc. 6/87



Weil Installation Log o
CASING TYPE 4."

LENGTH /<?'

ORILUNG.ueTHOO ^/

SAMPUNG METHOD

WELL NO

JOINT TYPE

SCREEN TYPE

SLOT SEE

HAMMEH Wt DROP SHEET /

SEAL TYPE OH1UJNG CONTH- START 3NISH

INSTALL METHOD >j=-r- -TMZou&i WATER LEVEL TZ.O
RUEH

l£!0

INSTALL g .̂ */.'-. Z.-7a-ffT\Z-7-L

WELL DETAILS OEPTH USCS SOii. DESCaiPTTON

GROUND ELEVATION

INSTALLATICN NOTES

-jL-'lv-Sĵ J^ ~- '! -••*•• r- •" —••*..; * *_.•_

5-r

-.f-

/XT'

K£

•: — *- "^ --
A/A /~> i/=" /X/l rs-Zz •'—> J ' f '•!• '• ' "• '

/w-P" o

w/rv
i>/gi_
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. Well Installation Log

BASING TYPE

LENGTH ^o'

DRILLING METHOD

SAMPLING METHOD ,

WELL NO.

PA I
JOINT TYPE HAMMEHWT. DROP

SCREEN TYPE / / /"
SLOT SEE OF 3

SEALTYPE A./d DRILLING CONTH. S7WT RN1SH

INSTALL METHOD /\/4 WATER LEVEL

FILTER Pbr TIMS , 7 _
-8G

DATE

GROUT

WELL DETAILS PA 1 DEPTH SOIL DESCFIIPTIQN

GHOUND ELEVATION T

INSTALLATION tfOTiES

. '-'&=>' ' FVC-

MI*

Iff

w

'/•''. ./:„• '

S _ — " '

- -

'̂ ,*;XIA/O

P3ram«rtx. Inc.



Weil Installation Log
JobNo. 3/- Client /?/rV o/^.

o
CASING TYPE

LENGTH

DRILLING METHOD

SAMPUNG METHOD

WELL NO.

JOINT TYPE

SCHEEN TYPE

SLOT SEE

HAMMER WT.

DATE

SEAL TYPS DROJJNQ CONTR ST3UTT FINISH

INSTALL. METHOD WATEH LEVEL

FILTER TIME

INSTALL DATE

GflOUT

WELL DETAILS \A/ELLI— PQ, / DEPTH USCS SOIL DESCHIFnON

GROUND ELEVATION

INSTALLAHON NOTES

0&-

Paramrulx Inc. 5/87



Weil Installation Log
Job NJrL - 14~ I8&. Client /"/TV n~ Sf̂ TTus. Location

CASING TYPE /£ '

LENGTH J2_ 35=;
DR'UJNG METHOD

SAMPLING METHOD ^

WELL^4a

JOINT-TYPE HAMMEHWT. DROP

SCHEENTYPE //^S,
SUIT-SEE •Jtt?

OF

SEAL TYPE /s2=;;vT?5/>//r=r ,C= /̂ > —

INSTALL METHOD ^ OlS'/Jfe,

DRILLING CONTR.

WATER LEVEL

STXHT FINISH

DATE

GROLfT

WSJ- DETAILS OEPTH USCS SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES .*?"

y-

25—

ft

(TitL-

Parametrlx. Inc.



Well Installation Log
/ - , . • : • _ Job No. m-i**0 -I A- Client J rrog: Location /i/;/Cw/tv

o
-*9NS TYPE

LENGTH ^7'

DRILLING METHOD

SAMPLING METHOD

WEU.NC

JOINT TYPE iTL.

SCflEENTYPE

SLOTSCE • i<0r>

HAWME3WT. lOROP '

SEAL TYPE DRILLING CONTH. START RNISH

INSTALL. METHOD ~7" "TUTTr* Jf> •- WATER LEVEL

FILTER r-^A f-.i TIME

O8-ze>--t(*-LG
H.-Z

INSTAU-
GHOUT

WELLnETAlLS DEPTH USCS SOIL DESCRIPTION

GflOUNb ELEVATION

INSTALLATION NOTES

/a

r

A/ .=

:#••'£
1

.v

^x.

70-1

\

f=-C.

D

/vf

Inc. 6/87



.Wdl Installation Log
Job Client

-ASING TVPS

LENGTH

DWLUNG METHOD

SM*JUNG METHOO

WELL NO.

z
JOINT TYPE

SCREEN TYP€

H«««nvVT. DROP

SLOT SEE

SEAL TYPE START HNISH

INSTALL, METHOD VWIEH LEVEL

RLTEP

INSTALL CUTE

GROUT

WELL DETAILS- \A/E2-L— OEFTH USCS SOIL OESCFnPTlON-

GROUND ELEVWXDN

INSTALLATION NOTES

75—

Parametrtx. Inc S/S7



/=»/£.

LENGTH /g-ex.r^/

DRILLING MSTH004/2 j23

SAMPLING METHOD

WELL NO.

PA^
JOINT TYPE 7-«.J2.Sd£i

SCSESN TYPE J£Z_

HAMMSIWT. — OBOP — SHE=T /

SLOTS1ZS

SEAL TYPE • / /

INSTAU- METHOD

DRILLING CONTH.

WATEH LEVEL

START

//3^

RNISH

/7<se>

WELL DETAILS DEPTH uses SaLDESCSIPDOH

GHOUNO EL£>/ATON

INSTALLATION NOTES

..r-

5 —
;

."a

o

gdgx
/w-a v

*L- r^r O
S/S7



f'~:l\ Installation Log
Job No. -/A-/34. Client £/rV Of Location

CASING TYPE x?

LSNGTH <?.?'

OHIUJNG METHOD^ /p

SAMPLING METHOD

WBJ.NQ

JOINT TYPE

scaEEN TYPE
HAMMEH WT. CROP -

surrsizE

SHEETS.

OF 3

SEAL TYPE ;s*g>y -rs*jiT!Z OHILUNG CCNT3. RN"SH

Fiusa TIME

GROUT
: <&•

WELL DETAILS USCS SOIL DESCRIPTION

GPOUNO ELEVATION-

^4OTES.

I '••.-

•

X

'*

•ft

55—

<£0_

<&>

_ \

M

ParameWx. Inc. 6/87



Weil Installation Log
Job No. -S - Id. - Location

LENGTH

OfllLUNG METHOD

SAMPLING METHOD (~

WELL NO.

PA^
JOINT TYPE

SCHEENTYPE

SLOTSIZE

HAMME3 WT. OBOP

^-/c? . 2 -

SEAL TYPE DWUJNGCC^^m. RNISH
INSTALL. METHOD

RLTEH

WATER LEVEL

TOblE

INSTALL

GROUT

DATE

WELL DET,ES '

D

DEPTH USCS. SC1L DESCRIPTION

22 GROUND ELEVWnON

1NSWLLATION NOTES

'•or

75—

&>-r-

30—

</ -a C:.. ".'•/:

o
C. -



ww<'ell Installation Log
.ioh MO ̂ l-iSSO -id - i&A A///EWAV / A

CASING TYPS DRILLING .METHOD WBJ. NO.

JOINT TYPE ^^,^

SCREEN TYPE

HAMMER WT. OPCP -

SLOT SIZE

SHE=T j

OFt£-

ScALTYPS CHILLING CONTH. START RN1SH

INSTALL METHOD ,ax-> CJ&t i*Jfi VWTEH LEVEL

RLTER TIM£ V8J_
DATE

GROUT
n-x>-- /

0
DE'TH uses

GHOUNO ELEVATTON

INSTAUjmON NOTES

r

r
7

• V 10—

-TF

frit-L.

'••(I

Parametrix. Int
6/87



Well Installation Log
job NO. 3/- /rS

o
'CP7U-

WELL DETAILS p/\Zj- DE=TH USCS SOIL DESCRIPTION

X GROUND ELEVATION

INSTALLATION NOTES

-S LJ3T

'•a;

fa

vf/-.j-;

&

45-

/•v

-& 7

o
\

7<^
Paramrtrtx. Irx. 6/87



CASING TYPE

LENGTH

JOINT TYPE

SCREEN TYPS

SLOT SIZE

DRILLING METHOD

SAMPUNG METHOD '
S2L.

HAMME3WT. DROP

WELL NO.

OFi

SEAL TYPE START RNISH

INSTALL. METHOD WAT5H LEVEL

RUHR TIME
&33

!NSTALL DATE

GROUT

WEU. DETAILS DEPTH I USCS I" SOIL DE5£MPT1CN-

GHOUNO ELEVATION

INSTALLATION NOTES.

'Qf

A

1*

• ' : . . - • ' • v- / /

'ML
'rv/Aj

>o5-±
Parametnx. Inc 6/87



WeJJ Installation Log

CASING TYPE

LENGTH

DRILUN6 METHOD

SAMPUNG METHOD

WEU.ua

JOINT TYPE

SCREEN. TYPE

SLOT SIZE

HAMMEHWT. _ DROP —

3*

SHEET ^Z

OF XL

SEAL TYPE DRILLING CONTR STAHT FINISH

INSTALL. METHOD WMcR LEVEL

RITES TIME

INSTALL DATE

GROUT

WELL DETAILS DEPTH USCS SOIL DESCHIPTION

GROUND ELEVATION

INSTALLATION NOTES

ID—

745-

/UL

Psramerrtx. Inc. 5/87



Installation Log
Job CHent Inratinn

CASING TYPE ,4." Pij£_.
LENGTH .

ORtLUNG METHOD

SAMPUNG METHOD -̂

WEU.NQ

JOINT TYPE f̂ TIJSZ.—-SLZ
SCREEN TYPE

HAMME3WT. DROP

l-i*-art
SLOT SEE OF 4-
SEAL TYPE

INSTALL. METHOD pf,

DRILLING CONT3. STlflT

F1LTH3 TIME

FINISH

INSTALL <

GBOLTT

WELL DET USCS SOL DESCRIPTION ~

GSOUNO ELEVATION

INSTALLATION NOTES

5-

J:

Z2P—

3&A

V jCT-^-

25-27'

Parammix. I 6/87



Well Installation Log
Job No. -*J->3: Client £/TV /?/=" SEtim ~ . Location

o
CASING TYPE ^

LENGTH SAMPUNG METHOD £,££/*;

JOINT TYPE pZLjj^fj

scaesN TYPE ,=wv/

HAMMEHWT. — DROP —

CATS /^/

sujrsizs
OFi

SSAL TYPE DRILLING CSNTR RN>SH

INSTAU- METHOO &tjcjt!err- WATER LEVEL

TIME

GROUT
!.-£ ~-87

WELL DETAILS

D

DEPTH USCS SOIL DESCRIPTION

GROUND ELHVATION

INSTALLATION NOTES

,-Kl.

•V

/ —

*. Gat̂ A VfL

-So'/. I .P.L-.

Paranefftx. Inc. 6/87



Installation Log
JnhMn

CASING TYPE

LENGTH

DRILLING METHOD^ ; g ^pr2

SAMPLING METHOD f~,g*.g
WELL NO.

•JOINT TYPE •

SCHEHNTYpc

SLOT SEE

HAMME3 WT.

&4>
SEAL TYPE DRILLING CCNTR., RNISH
INSTALL. METHOD

RUSH

WATEH LEVEL

TIME

INSTALL

ri.
;>'

DATE

WEJ- DETAILS OE'TH USCS 'SOIU DESCRIPTION

GrlOUNO ELEVATION

INSTALLATION NOTES

. lOO " S

-rp

#-

ML

ML

ML.

Paramctrtx. Inc. 6/87



Well Installation Log
" Job ND._ -J-f^O -/<? - Cnant Location /V//£U£iV

o
CASING TYPE.

LENGTH

GRILLING METHOD

SAMPLING METHOD

I DROP -~

WELL NO.

F&3
JOINT TYPE

SC3ESNTYPE

SLOT SIZE

HAMMER '

I -tiff-Si
SHEET <

OF^L

SEAL TYPE DRILLING CQNTR. SDWT FINISH

INSTALL. METHOD

RITE3

WA.Tc3 LEVEL

TIME

INSTALL

GROUT

DATE

WELL DETAILS BEPTM-' : USCS SOIL DESGaiPTION

GHOUND ELEVATION Jjy^

INSTALLATION NOTE3

ML

ML

ML.

:o

Pst ̂ ij tct/lx. Inc.



re!l Installation Log
JobNn =*J-i£S&-/4- /£& Client C/7V 'V? 5

LENGTH -3

JOINT TYPE ^2£40
SCREEN TYPE

SLOT SIZE ;//-e,

DRILLING METHOD

SAMPLING METHOD

HAMMER WT. DROP

DATE ;_

WELLNQ

SHEET /

OF <£-

SEAL TYPE DRILLING C3NTR

WATER LEVEL [

START BNISH

INSTALL. METHOD

RLTER
ZT Trt^'J^V CAZl,v6i

TIME

GROUT

WELL DEAILS

3 D
DEPTH uses SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTHS

/f-rv,

-X-

Parametrlx. Inc. 6/87



Well Installation Log
I;DI/J£ v' tjjf.j".» ; A )

WELL DETAILS pj/\

GROUND ELEVATION

(•

•m
%

V&7

}JZ£. V

.1-
L O

5<?-U

w 6-cL\$M

Parametrtx. Inc. S/87



.Well Installation Log

ING TYPE

LENGTH

CHILLING METHOD

SAMPUNG METHOD
A/,g /gb/x: WELL NO.

PA(*
JOINT TYPE HAMMER Wt DROP - SHEET
SCREEN TYPE

SLOT SIZE

SEAL TYPE DRILLING CONTR. START

INSTALL. METHOD WATEH LEVEL

FILTER TIME

FINISH

INSTALL DATE

GROUT

WEU. DETAILS jpj\ (0

D

DEPTH USCS SOIL DESCRIPTION

GROUND ELEVATION

INSTALLION NOTES

U

tA*

75—
d?

=2&

qo

^^/V/77

V l-f3~

AT-

F«5^
Parametrlx. Int 6/87



Well Installation Log
Job No. 3f-l£&>-l4-j££_ Client C. ITY O~ ZLSj±rTLj=: jLJlA/Cv îl. J

alNGTYPE

LENGTH

ORIUJNG METHOD

SAMPLING METHOD ,

JOINT TYPE

SCREEN TYPE

HAMMEH WT. -

DATE y-

SLOT SIZE OF/4-

SEA!. TYPE DRILLING CONTH. START FINISH

INSTALL. METHOD WATER LEVEL

FILTER TIME

INSTALL DATE

GROUT

WSJ. DETAILS

D

DE=TH USCS SOIL DESaSIFTTON

GROUND ELEVATION

INSTALLATION NOTES

t/ix

U

Parametrij. Inc. 6/87



Well Installation Log
Job No. Client drrS OF aeAm--er Location k/\i<-MMA.vJ

^CASING TYPE/ ' DRILLING METHOD

SAMPUNG METHOD., ..,

WELL NO.

-rueg/xo
SCREEN TYPE

SLOT SIZE

HAMMER W. _ OHOP —
SHEET \

OF

SEAL TYPE -?v?r? DOLING CONTRg ,̂,,̂ ^ j-iue* ™«H

INSTALL. METHOD WATER LEVEL

GROUT 4$Q f.D.f. £, l~.
•Z.-&-&7

WELL DETAILS &~.— DEPTH USC3 SOIL DESCRIPTION

GROUND ELEVATION

INSTTAUATION NOTES

S--

4^0 1 R*T — r
\0--

15--

Pm.trotJUT{* PV,

•

3cr-

I

P^IUL

v) Moii

i.

Parametrix. Inc.
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Well Installation Log
Job No. Client f?-iT*v OK Location _ o

CASINO TYPE

-MOTH

DRILL.NQ METHOD

SAMPLING METHOD

WELL NQ

.rfNTTYPE

SCREEN TYPE

SLOT SIZE

HAMMER WT. . - DROP —

BY

SHEET

OF ~?

SEAL TYPE

INSTALL. METHOD

DRILLING CONTH.-

WATER LEVEL

FILTER TIME

S7AnT

- ST

INSTALL

GROUT
VZ^ &7

WELL DETAILS DEPTH uses SOIL DESCHIPTICrJr.:

GROUND ELEVATION

NSTALLAnON NOTES

40--

45.-

/ o ,'

F
\j
&

\zo • 100

,ZO i

JSL

D

Panimetrlx. Inc.



i
Well Installation Log

Job
V
Cliont r,r

°(=
1 "ration

CASiNQTYPE

LENGTH

OH1LPNQ METHOD Aig._
SAMPLING METHOD

VVEU. NO.
<c

JOINTTYPE

SLOT SIZE

DROP -

OF

SEAL TYPE - "Z t̂oL-SS ORILLINQ CONTRg^a gp&ctQ START FINISH

INSTALL. METHOD SOCj<l WATER LEVEL

FILTER •ptex i^i' TIME •

DATE

GROUT L_e>S

•8j
••A.*-

ft

WELL DETAILS pC-G>

o
6*
11

DEPTH uses SOIL DESCaiPTlON

GROUND ELEVATION ^.44 i.

INSTALLATION NOTES

S-i;l.

m,

5 5

5 5
5--

$-7

i;
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IO--

za-

30—

o

u

u
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R
e
F
u
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Well Installation Log
Job No. -=^1-1^550 - Client Location.

o
CASINO TYPE

LENGTH

DRILLING METHOD

SAMPUNQ METHOD

WELL NO.

JOINT TYPE

SCREEN TYPE

SLOT SIZE

HAMMER WT. DROP
DATE

BY
OF

SEAL TYPE DRILLING CONTR START Fl 'H

INSTALL METHOD WATER LEVEL

FILTER TIME

-2,5,4

UvS

INSTALL

GROUT

WELL DETAILS

8

DEPTH uses SOIL DESCRIPTION '•'-"

GROUND ELEWT1ON

INSTALLATION NOTES

• IOO

F
u Qtoy

CT:

Parametrlx. Inc.



NX/ell Installation Log
Job No. .. Client^ Location

WELL DETAILS Rj-7

• • + 4
GROUND ELEVATION

.; • J

. 1 CO «, \_oT

it

10-H

_®
us

iZO

,.wcx?o
J^n afJ

0
s

.- MCgj7T-.V ujn-C
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K

U
5

Jî i

35-J
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Well Installation Log
Job No. a-1530-2/3 giant Cjt TV oe- r̂ EAj-TL,̂ - Location.

CASINO TYPE

EN3TH

DRILLING METHOD

SAMPUNQ METHOD

WEUNQ.

JOINT TYPE

SCREEN TYPE

SLOT SEE

HAMMER WT. ^ DROP _

SEAL TYPE

BY

IJRiLuNG CONTR START FINISH

INSTALL METHOD VOTER LEVEL

FILTER TIME

INSTALL

GROUT

WELL DEJAILS ££ - 7 DEPTH uses SOIL DESCRIPTION

GROUND ELEVATKDN

INSTALLATION NOTES
' "

. ir*"? <* ̂ T- •

40

f i t n J

Parametrlx. Inc.
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C3 7.2<1

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY '•

LOG OF TEST BORING

DATE HOLS

PROJECT . 'f A! T—Tf n L. ELEV

LOCATION

STRATA OSPTH SAMP1.E
SO.

HOW
COUNT

sra
DESCRIPTION OF MATERIAL

COMPOSITION CONSISTENCY MO1STUM COLOt

WATER
lEVgl

.
C-i Oe.j-
;, Oo •'

o 5

Co o '0
i ' fl^0 C C 3
4 Ja ac

0000

00
»1 o o

o°9 ° 0

°^oO .

ao_

a
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jo.'

TO

gC? '- YVa.fr f

INSPKTO*



CS 7.241

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING o
&

L

STRATA

5 o - 5

DATE

PROJf

LOCA

DEPTH

m-i

'-

-

-

. -

-

-

-

HC

f ~2L- • r;p

5L g NO ~f~^l^ - (I • -'

n FI ev

Tinisi .
-

NO.
now
COUNT

-

STtt
ftX

DESCRIPTION OF MATERIAL

COMPOSITION

r?> = to-*.*
s /e ua.-1-i ctf - 2- S 3 . 7

.

CONSISTENCY

>

MOISTURE

::';.;-i

-•'.

;,'.

.-."

COLOR

WATER !
l£VEL _ i

;

(

'• (

INSPECTOR



GflS UJELL COnSTRlKTIOD LOG
WELL Mn ?P-| Coords M

31-1550-14- c

7

Landfill name: H I Dat8 /-/

I. DIMENSIONS:

a. Total depth of well / o 2.

' • • • . /x? H . Datumr
h. Oinmfltflr of well _ „,, m-,., '*~ . . '

c. Welt easing interval
L.OVJI-K £rei+< fio' r<> -*r O :

a 'PPs-f*— -fra-*\ ^_=? ' r-zi O *
d. Diameter of wall casing i"

e. • Slot ted interval of well casing..
1 rtw^r frnm / 3O ' fn &o'

Uppe;- fror^ <£^$~ fr> •• "2-^"

f. Permeable material interval _ . ,, .
[_ o uj e f .p r0 /n / 3~z. f-a 7 3
\}op0r fser*\ — ̂  •>" (f-s _ '2-2,

g_ Impermeabla plug intarva!

h. Backfill material interval , .

MATERIALS:

Permeabla material T--^ c.A~l* u>A4k<ri

-f- «c^«-c,̂ -̂ i pe^ * -*j&(

Imparmaable plug , .- /&' &**:i* < .̂̂ u/it-h-i
isJve l̂''̂ . 'B^JK .̂:̂  C&«*^o Gerl} '

Backfill material .Co-rf I -xs ̂  * î̂ -«<i v»r-(-f,
i t ̂ *

^ '
" . . "~ f • _

Casing matsrial (incL slip joints) /L^ o-r

CONSTRUCTION:

Method of placing fill materials: Sic.U.v'.HtfJ .uj i'-H-v

0 - -5 "̂

h

t

3
j

•f

J

f

r

/

C

1

|J^€P C

!<"35.

tl\J

~^T

* .

::/•
-*."•*

•• ̂  *

V^r

;V'X'̂

• » ,*
* *

.*••.

™ * •"

*•" • "

* • *

d t !

.1
f-*^-

1
I
I

1 .
1

I
1
I

J

..a •

I

"»
••sis.

*.'*

0_.-b-.

1 * • * '

." ' '.- a

*-:"' •" *

^

1 ,
1

I
t

1

!*-*•

/.-

* 1
o
.1

:'J:

a'-

o".
'. °

• o

. o

l'°
:̂ "•-'.* '>/. ',' "•'.•';.•?.*

^x-'-iVni-'̂ '-'H"

o*^'" fl

•;V."^
*• * *' *

•" ",'•*• •

» *• • -

•• •. '<
• " r '•

fi
>T*

— 1

%

C^^i $-kju«ls

Method of placing casing: .A^coeos-a ',̂ -ro k=>(.e- U t. Z-C' ' *eo4"/j^s
/_ ^ j / . , ,_ v .

Problems encountered: _n ^t<3*,& ~~ <~>e(( t^ s £« -^-^/c-^ei /_•>- /e-55
-ti^^ s/'^r ko^vs:
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Memorandum
/ - I i - £ ?- Job No. 3 / -

-*•"** "! :'-r**|-r1"

/^ - i

Date:

To: vam £k:*»e* . * * r < f > L , \)^\ . Job Name: ilvt*.*^ L**j;I/- , . _ — - _ _ ,

From:

/f 7

'̂5

M.JLC. AU/_

Parametrix, Inc.



SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING o
DATE I /i(ft / /=*£>-/

PROJEC

LOCATI

SIX ATA

-'.

:"• o '^

' •' o '••'*•

=- . 'o • •
.- '. •' a.

T -"• _~ -
• "•.- r '*'
~-'" • • .•

.*• ' ','•*

• * '» * "

. " • " • * "

• r * . • .

- *" ".*
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^ r*
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«.

r

-
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-

-

2^1

-

-

T /*7 i-^ts-^sa-S /^&r<fJ~)r- / iL/ S^-jQ-^ s"_t3/\rT~!^rtt f>-f'<-£~7f~ ^PP ELFV r1' f(a

-IM •

SAMPIE
h4O.
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-

stow
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r>/ -
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1

sra
PtN.

.

DESCRIPTION Of MATERIAL

COMPOSITION

S\'— t S ~ i lt / .- i^'fi^f f*s° II

• / ' — ?\. ' &Af*~£> a>.-~<s( £r'ZS*JE.L

-fill.

^'-10' &4*,-f9 rV7«^«>VT7
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r
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C3 7.241

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LASORATORY

LOG OF TEST BORING

DATE

PROJECT

LOCATION

HOLE NO

GRD. ELEV.

~!

STRATA DEPTH
NO.

SLOW
COUNT

STO.
PEN.

DESCRIPTION OF MATERIAL

COMPOSITION CONSISTENCY MOISTURE COLOR

WATER
LEVEL

•o.. -.-

.—.
T/-

c? n-a:
Oa.

«hy?«

50-

2?o_
-o'l

'°̂ °:
•£ -&:°

O^
INSPECTOR



C3 7.141

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING o
DATE

. PROJECT .

LOCATION .

HOLE NO,_£_Q_L2L

•CRCl ELEV. I

STRATA OtPTM
NO.

HOW
COUNT

sra
KN.

DESCRIPTION OF MATERIAL

COMPOSITION CONSISTENCY MOISTUK COIOR

WATER
LEVEL

•77'_

00'-

o

o

o



CS 7.H1

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING

DATE HOLE

PROJECT GRO. ELEV.

LOCATION

SI « ATA DEPTW SlOW
COUNT

sra
PEN.

DESCRIPTION OF MATERIAL

COMPOSITION CONSISTENCY MOISTURE COLOR

WATER
IEVEI

• iJ

Qo

111}'-

05



C3 7.241

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING 0
DATE.

PROJECT

HOLE NO.

GRD. ELEV.

LOCATION

STRATA

0* 0

°dQ
rwy^r\W

%%vsg
Q%
£?§a /^a

OSPTH

-

-

n>i'

-

-

1 -

SAMPLE
NO.

stow
COUNT

.

sra
«N.

•

DESCRIPTION OF MATERIAL

COMPOSITION

.

/* •

•:;•

7b =/32.'

_

. ' -•

CONSISTENCY

_

-

MOISTURE

• -•

COLOR

WATSR
IEVEI

(

(o



31-1550-14-
GflS OJELL COnSTRuCTlOn LOG

~ —SWELL No PP-? ' • "-"^

Landfill name:.

I. '.-DIMENSIONS:

a. Total depth of we]I

b. Diameter of well.

. I d

Datum

c.,... Well _casing interval
.

i^fZ- -fra-*\a r'rS-n- i-ra-*\ J r- ^ £>

d. Diameter of well casing y" -s-^. sa Puc

e. • Slot ted interval of well casing
Lower from f '-f - to
Upper from **"?-... _._ fo '

f. Permeable material interval.

g. Impermeable plug interval

n, Sacicfill material interval_r==_

IL MATERIALS:

Permeable material
..(

-f5

Impermeable plug

Backfill material
^> < f

Casing material (incL slip joints^
9O

IE. C O N S T R U C T I O N :

Method of placing fill matertalsi p»«Jc4-C

.£*$£

'&'*

.A '

-•o

1-";-
°<3 ". '

'.ci .

;••*'» o.

4%.
a

l'
<

d'.

f;v'^"o.a

P :Ii'^'^'- v
r. /:^'^-i

^

Method Of placing cosing; t-ex.~-e.~tl . ',~.4o U-( 'Z.O '

_S <\>Aa. ( i -v&

Problems encountered:
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Memorandum
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Job No. Sl~

Job Name: M^t
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*? a f^ i^^3 og- H,~fa'-^"rC U_SCn.
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^
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ParametnX Inc.



CS 7.241

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

,-ViOG OF TEST BORING .•,,.0
DATE HOLE NO..

_PROJ ECT GRD. ELEV.

LOCATION _.. .// /g>'?'2-'S. gfl<T.

STRATA

V - VO .;

-X " . '

°;<,o
.<9. 0 '•

.&•

•:p.:-0*

'.e/C-£.
• i-°.-->
p >

a e c-

#£> °

6**.
Uo,4

o _ O

o° V
°£*6
•*?&>
0^'"

o"*̂
"f °0
"O

d^
^^0

0^2

'^*a

*£o'/
(J 0 °J^

P^%

Q °S=S

V.C^
60 f

7.'

"°>C

DEPTH

-

•7' _

ZO '_

t

s»
s

Vf
fV

-«.£
>O.

5«

14

»0/«)

BLOW
COUN

PZ

r

3-

sra
«N.

.

S I

DESCRIPTION O

coMWsmon

O " ~7 ' J î̂ rf/ dn el q /-^? ;£ /

/•>//

7'-52 ' "ST^^vETi.,

'W6// qra^f,/ i«-I-

5- cm, v«Jl rev*** j

f MATERIAL

CONS1STENCTT MOISTURE

'l

COLOR

WATER
LEVEL

• ^

•*" ~ <sr*&i-

\^ +L-. '-

ar,si<

rL,

• (
-

INSPtCTOJ



C3 7.241

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

V.-1QG OF TEST BORING

DATE

PROJECT _

LOCATION

HOLE NO.

ELEY

0**
. o .
0 ff' -'

*.„'
^•;
A61 *
t?o 0

O
0 . 0

(3 *
9 . 0 '

£> •>

-,':> *

* Y', . '
• a ,

e xso°;; w

1:*«•*
<?" o

^ /c
0 °
. « Q
o . ,°

»o°*
ii.'A
•=>• •

. 0° .
A

0 & Q
/

O •
» • 0

'o - " .
. - 6
ef o •
. o * '
. o

o -. •
".••'o"
-o .• •

. 0

"Q n *

^- "'
i:"

»?S*
^ <3 O <3^^a-. .-.r

^S'—

MS'

-5Z1

/V3'

sj>*
N

^

f>lE
O.

-

•LOW
COUN1

STU
PtN.

1:

DESCRIPTION Of

COMPOSITION

52' -^0 '

5<a«</y <r^/5/£"^..

ure.ll a\i-od-e d 2 mm - ^ em

• MATERIAL

CONSISTENCY MOISTURE coiot
WATER

LEVEL

•.f-'"v



CS 7.141

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING o
DATE

PROJECT

LOCATION

HOLE NO.

GRD. ELEV.

STRATA DEPTH SAMW.I
NO.

»IOW
COUNT

STtt
PSN.

DESCRIPTION OF MATERIAL

COMPOSITION CONSISTENCY MOISTURE COLOR

WATER
LEVEL

* • f ' *•"•

^& '"

00

701
r>° «» ̂
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65'- /<?6
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o
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SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING

. DATE

PROJECT _

LOCATION

HOLE Kin PT?

GRD. EL'EV.

ji**"V ^

•^ J

"̂o
ffCf

°̂<3
tP*<3
$<o
fV-'V

b°<?
^T~)

1 (jV

Fo
fjSjl^

Q" "1 &teg
OQ

-o0>oV
.. .' a
:o -^.'

ô;slb^

k̂

'/-»•!_/ £C~

,

lift* —

.̂*
Na

now
COUNlr •

STQ.
?6N.

.

DESCRIPTION O

COMPOSITION

.••"

fos> '— no '
YD£.G\ ̂ nft Qf <T,^7v.f^ ^^ b\J i^ t^ ft U£ (&

t^^£^ f V '̂l ^^fl tf a^f f tf- <J ^7 ^* / J

//^ ' - / /3 ' vitr̂  Coa/'^ti

trKfivFi- ' 5"-25~ <^w

TTi ^ Ao/e = // 3 "

£teo4*fr^ - 262. 6

^

1 MATERIAL

CONSISTENCY

. .,

MOISTURE COtOR
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31-1550-14-0^
GflS UJELL COnSTRUTiOfl LOG

WELL Mr> PD-M CoorfK M f^q ' g.

Landfill name: -' PH <̂̂  fTl Dote / 2 - / t - e g

Method of placing fill materials:.

I. DIMENSIONS: • '

1-20 '
0. TQtQl depth of well. i -> •*- ,

• -i -7 '' . Datum
h. DiomAt"'' of w<?U .. • ..r '

,*. e- Wall ens ing interval
;&: L0*JI=Sl £r-o^ 1 3,0 c* 0 '
?' a ?PfK~ ~£rei*\ — *>& n o

•d. Diamstar of wall casing *s" $~L.. aopvc

e. • Sloltad interval of well casing
I n+jar frnm / ^° tn <S ̂  . :'

Llpper frarp 6^ fn ' *£• S -

f. Permeable material intarva!
Loiter ^rflO\ _ i^z. T:^ 76
(Jfap*>f f,'«i*l 7^2. fra ^» -2.Z

n. Impermeable plug interval
i.̂ M*'-. 7 £> -7O

Vfre- '•'2.1.—O

h. Backfill matan'a! interval .
^Sa c^ f •'( Ifr^ i— v-**^ co-H'i-^i /ie-io^r-t-e »-iJr4«'e)

E. MATERfALS:

. , / • ' / /
Permeable matanal <* ,^^5 . pe^ ^r^^e-^

Impermaable plug ,3. iuok*-fi __<, fee^o^:4«

De/le^V-1' '*? fea^t ,,^.^0^'Hr-i L e~f » -o. 4-« (£« «"Ve>.
V _ &«i; .

Backfill material *&*•;(( «iJ-ff*-«jS o-«-*-^.
S&"?s> * ^*~jla.-V-=-<i •fes«^4o^: -t-e

Casing ma-ferial (incL slip joints)
*/" t>o<WoU- 50 P^C P.B«

HI. CONSTRUCTION-.
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*
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•\;£>

_. ..

::;'•'
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Method of placing casing: .
1C • ,1 J I '

M > i **i 6 ^* ^fr ^ C^ *> Q i *

o^gy-e- lo >._ "Z-Q '

Problems encountered:
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Memorandum :.
--":.-. - - ••- O

Date: /Z fr2- /fih Job No.
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SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING

DATE

PROJECT îL

LOCATION

ri4 t—A<,
/

/V

HOLE NO..

GRD. ELEV.

STRATA 06?TH SAMPLE
NO.

JLOW
COUNT

DESCRIPTION OF MATERIAL

COMPOSITION CONSISTENCY MOISTURE COLOR

WATER
LEVEL

•.o.">:

,S:A •< •

si

O '- 7 '

v-i*.ll araded

\_jOf >,-! &

0

INSPECTOR



C3 7.141

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

-..-;•: LOG OF TEST BORING O

DATE

PROJECT t2T

HOLE ua

GRD. -,ELEV.

LOCATION

SIB ATA OEPTX SAMPU
NO. COUNT

sra
PtH.

DESCRIPTION OF MATERIAL

COMPOSITION CONSISTENCY MOtSTUCE COLOR

WATEK
LEVEL

00 C^m
• ' -

-m
Sr-
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-• . o - * •-
-0 - O.
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CS 7.241

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING

DATE

PROJECT _

LOCATION

HOLE Na

GRQ Eiev

STSATA DEPTH
HOW
COUNT

STQ.
PEN.

DESCRIPTION OP MATERIAL

COMPOSITION CONSISTENCY MOISTURE COlO*

WATER
LEVEL

tf.-Oo °"

' -'•:• c
Q.'G'oo
. O Q

W0<5- 9 -a
•*i • '*
a £> o>
' . Q ?<>

O.o o
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' CS 7.241 ~

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING

DATE

PROJECT

HOLE NQ

GRD. ELEV.

LOCATION

STRATA BtPTH SAMPlt
NO.

ELOW
COUNT

sm
PtN.

DESCRIPTION OF MATERIAL

COMPOSITION CONSISTENCY MOtSTUW COLOR

WATE*
LEVEL

/ao'_

110'-

//91 \<*>r*

125-

HO '- IZ.V Sftrtfr,
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31-1550-14- tr&)

GRS UJELL consTRUvjion LOG
'WELL Mr. PP-7- Coc»vK Kl 1 1 e o * t I oSSl-

.06 8

1 n refill nnma. M!CPvv^< <^Vt5 r*1l£iK3SC|i£>W. ~ PM r̂

I. DIMENSIONS:

i i £3

i Totnl d^pth "* wfl" , '' 1

• • • • / - ? " . Datumr
b. Diomfttflr of v=>M ,._ ..„/ **~ „ '

C. WlM C"«'nq interval , :?'•

U P^i?"- -fra**. ^5"9 --a j-j, -̂ vag&q^a^ <— ~a

d. Diameter of well casing *"' /=>«<=. .

« . Slnttnrt interval of well casing
) / 7 ^" *"7 "7 _^^

Lo-^'T frnm ' ' < ' -3 tn ' '' . _, _

uppc^i- -fr^m yi^--^ -fin z&.S"
f. Permeobls motsrial interval _,_ .,._

Upper fi'ici*1 ^<?--^ f« "2*
Q. Im'p'firmenbla plug intarvnl ,

h. Hflfikfill mntarifll interval 2-r'-^O

IT. MATERIALS: "

-f- , >
Permeoble mnterial ^ . ̂ i-> .ujd^u^ .̂

r^. cB^aae-/
I **

rmpermaabla plug , ̂  *»« -^-f- c^. ,'-f-e

Backfill material .C^-ffJ-^j j ^»%«-e-i -,v4
l^ *^ O I ̂ -^ ̂ 5 ̂  ( r^ *^tf^ u». *J \ ̂ ^r^^a ^ ^ "* -̂ "̂ "O w. * -f&

sj

Casing matsrial (incL slip joints) ' r'VC—

IE. CONSTRUCTION:

Method of placing fill materials: ^-r^ î SHodS' ( («
kote.

Method af placing casing: . /a^^«t>-W I— ?fe ^o Le

•S.<=n.u (̂ f r -^e-

Problems encountsrad: u.o«v«
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Memorandum
Hate: - - _ Job No.

'J-

Parametrixjnc.

t c J^^-.. ..^ k^->v\&^ . M^^4J-e-y . jot) Name: wil^C J-a ~*L£< (\Tnt c J^^-.. .. ^ ->v \&^ . ^ - e - y . jot) Name:

From: /Aa**- Mena^L 'S'gfU G>'<g<>g
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CS 7.2

SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING 6
DATE

PROJECT. ^ fit*.**- ••yZT
NQ.

GRQ. ELEV..

N

SI » ATA OBPTH SAMPLE
NO.

•LOW
COUNT

STCL
DESCRIPTION OF MATERIAL

COMPOSITION CONSISTENCY MOISTURE COLOR

WATER
LEVEL

V^

•.* a

V

nr-
'..*,:
'•*

C '- S '

•p-,/1

.-

PD 7-5 (

a-4-

INSPSCTOR



C3 7.241

SEATTLE ENGINEERING DEPARTMENT
MATERIALS LABORATORY

LOG OF TEST BORING

DATE

PROJECT.^

LOCATION

HOLE NO. f=>r>-~7

GRD. PI.EV

STRATA DEPTH
NO.

HOW
COUNT

STO.
PtN.

DESCRIPTION OF MATERIAL

COMPOSITION CONSISTENCY MOISTURE COLOR

WATER
LEVEL

"^ .0

1,- • 0
to-

YZ'_ !* 1*D7-S2

'- (a O



SEATTIE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING D
DATE.

PROJECT .

LOCATION _L

STRATA

*((
0

n

DEPTH

10'-

80'-

NO.

HOLE NQ.

GRD ELEY.

COUNT
sra
«*.

DESCRIPTION OF MATERIAL

COMPOSITION CONSISTENCY MOISTUCC

<?/'-

COLOR

WATER
LEVEL

o



SEATTLE ENGINEERING DEPARTMENT

MATERIALS LABORATORY

LOG OF TEST BORING

DATE

PROJECT.

LOCATION

HOLE NQ ...Pr>- "7

GRD. ELEV.

STRATA OBPTM
now

COUNT
STa DESCRIPTION OF MATERIAL

COMPOSITION CONSSTtNCf MOISTURE COLOR

WATER
IEVEL

100'-

i®j
110'-

e
115--
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— US' cs



GRS UJGLL COflSTRUaiOn LOG
"WELL Mo

2/7-7

Landfill nnma: HlC?W^< <^6 Hl̂ -̂ Cf)̂  -'pH^S^-fT Dote //^/^ ̂  .,

I.' DIMENSIONS: - ~ . -• •

a_ Total depth of well , , /<2^

.. • • ' : , , / • Datumr
. b, fhamatar of well .J^- , . '

c. Well casing interval . . . . '*'
i.t?i*j£/i, £r»"H &/-fT ro o

d. Diameter of well casing -y /"

e. • -Slotted interval of well casing
1 rv^^r- frnm /"<7/, 5" f»' 4> {• * *T

Upper f ram ; -5~/ ' fn "7Ĵ > f "'

f. Permeable matarinl interval
L^t^er fr^m /c'i' -r-0 . 4-7'
(Jpp&r f,'frn^S32- £* -J2~-?- '

g_ Imparmaable plug interval ^ ' — /£3 <•

h. Backfill material interval /& ' "O/

t

E. MATERFALS: ' •

Permeable material C^/^",^^ f (&*#—
/ /

Impermeable plug /£> tffaA^ ^c "̂t»'7r1TtT!i.l

Backfill material -^T^^^f mt'f,f
' w / «r̂ ^>r̂  .̂̂ ^J}-HO

Casing material (incL slip joints) f*7~£ ^~

IU. CONSTRUCTION;

Method of placing fill materials: ^^a^f^t^^ ^J / h*
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Applied Geotechnology Inc.
G.eoiechnical Engineering, Geology. & Hydrogeoiogy
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Well Installation Log
.lohNlo. Client £;rV n/=- -Sg/ Location

SING TYPE /=VC, . 0~ZS^
LENGTH

DRILLING METHOD

SAMPUNG METHOD

JOINTTYPE

SCREEN TYPE

SLOT SIZE

HAMMER WT. DROP

.A.

SHEFT /

SEALTYPS £.£"77 DRILLING CONTH. RNISH

INSTALL METHOD WATER LEVEL

FILTER

DATE

GROUT — •w
WELLDETA.LS DEPTH USCS SOIL.DESCRIFnON

GHOUND ELEVATION

INSTALLATION NOTES

t_J*<=> —•> -

T-O

-rr>

M

F

V
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Well Installation Log
Job No. .•aJ&-i!*.ff-'3- Client lirry ^- Location^.

Sr
.-SING TYPE

LENGTH

JOINT TYPE

SCREEN TYPE

DRILLING METHOD

SAMPLING METHOD

HAMMER WT. DROP —

WELLNQ.

A^J
SHEET

SEAL TYPE b^J
DRILLING CONTR —f START RNISH

INSTALL METHOD WATER LEVEL

FILTER TIME

DATE

WELL DETAILS f__ /^ M
" '

JO6

DEPTH uses SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES-'

So fyc,

42.

/A/

P-) 9 >L*J r^T- TO

'/..g'̂

#*.-

56>-

53-
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: \
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Well Installation Log

'•F*/C- M'
LENGTH - 7^ <f*

DRILLING METHOD

SAMPLING METHOD /C.

WELL N0-

JOINT TYPE jgggu
SCREEN TYPE 'it.<r 5
SLOT SEE

HAMMER WT. DROP -

DATE

BY
OF

SEAL TYPE:;. ^ DRILLING CONTR. START HNISH

INSTALL METHOD:. WATER LEVEL

FILTER TIME
LI.

fe23P
I3.-7

INSTALL

GROUT 1 M

WEU.DETA.LS

. ̂ ZZ? ,-*,LjS7

'3<.vO

DEPTH USCS SOIU DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES

a

Parametrix. Inc. 6/87



Well Installation Log
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Wen installation Log
Job Client i^l/TV OP Location.

31NGTYPE
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DRILLING METHOD

SAMPLING METHOD

WELLNQ

JCINTTYPE •'£? , '-

SCREEN TYPE- 1̂
SLOT SEE

HAMMER WT. DROP

DATE
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SHEET "Z-

OF 3 .
SEAL TYPE DRILLING CONTR. START RN1SH

INSTALL. METHOD WATER LEVEL

FIOER

-g-y
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GROUT

WELL DETAILS AO

M ' W

DEPTH USCS SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES.
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up
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Well Installation Log
Job Client CjrV a=r •S=zi77̂ 1=r Location.

SINGTYPE

LENGTH 73 Sa^fl (.fltv 7& re>T»!.-

DRILLING METHOD

SAMPLING METHOD
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JOINT TYPE

SCREEN TYPE ^JT>PmfSff̂ t.J
SLOT SEE

HAMMER WT. DROP
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SHEET 33

OF "̂

SEAL TYPE DRILLING CONTR-7 -̂̂ START FINISH

INSTALL METHOD WATER LEVEL -J If-, -7

1100
INSTALL DATE C(-@
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^ <Q

w
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INSTALLATION NOTES

75-
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V V" -

70 Z5:-f=u><£2- -C

\AiATKF' C-, Ct T
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' <? /

/7/^ » O
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Well Installation Log
Job No. 2/- Client g/rV Location.

JING TYPE
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DRILLING METHOD
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A£
JOINT TYPE '

SCREEN TYPE

SLOT SIZE

HAMMER Wt
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SY » 3

ggwr/frEE/r- 6Z0U7 ' -DBILUNG CONTR. START RNISH

INSTALL METHOD / f^ WATER LEVEL

RUER TIME

"7577

INSTALL DATE <?-zz.
GROUT - / / ^-/5 S7

WELL DETAILS IA/&L-L-
'

M 1 O

DEPTH USCS SOIL DESCRIPTION

ja GROUND ELEVATION 352 ~t
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s
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Well Installation Log
Job No. ?]-/5 Client ^/TV Location.

ASINGTYPE .5̂
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JOINT TYPE

SCREEN TYPE

SLOT SIZE .<£?££)

DRILLING METHOD

SAMPLING METHOD

HAMMER WT. DROP —

DATE _/^_

A
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=rZ~
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SEAL TYPE 2, 3* DRILLING CONTR START RNISH

INSTALL METHOD WATER LEVEL
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GROUT ?-/
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M
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Well Installation Log
Job Na ̂ -(3£&- i4-coZ4 Clients/TV Location.

WELL DETAILS • DEPTH USCS SOIL DESCRIPTION

GROUND ELEVATION

INSTALLATION NOTES

aj-J
-73

Q00\-

2

a,

fr-r

-sorts !=. 72.

i' C'/C'COV t'

Parametrlx. Inc. S/87
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Weil Installation Log
Job No, 3i-i^O- 20 Client- £/rv e - . Location

lASlNGTYPE^ " -^ , ,30
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SAMPLING METHOD <<,

WcLLNa

JOINT TYPE HAMMER WT. —

SCREEN TYPE .DATE -2<?-
SHEET /

SLOT SIZE 8V A. CASF.V
SEALTYPE^^-r ,V. 1 Sr*.-*~ ?i DRILLING CONTH. START RN1SH

INSTALL. METHOD ^. y s--, S=t^fr=> WATEH LEVEL

F1UEH

..INSTALL DATE
//J-7-07

GROUT

WELL DETAILS DEPTH uses SOILr DESCRIPTION INSTALLATION NOTES
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Weil Installation Log
Job No. J'i-'.̂ O- & Client fl/rv/-v= -̂ATT .̂=^ Location

BASING TYPE

LENGTH

7^
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Weil Installation Log
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SEAL TYPE Z F*=» •̂SS DRILLING CONTH. START FINISH

INSTALL METHOD WATER LEVEL

FILTER TIME

INSTALL

. GROUT
tO-2,-&-l
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Well Installation Log
Job No. ̂ J->£ Client £ff~Y e? — Location
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WeJI Installation Log
Job Nn Client C/TV etF~ ^^yir— /^=- Location
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Well Installation Log
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ĵJ <.

IT-

Parametrix. Jnc. 6/87



"V— . ..

RECORD' OF BOREHOLE MW-1 F.gure A -f

.£-•• LOCATION S«« Figure DATUM 375 ft. fepprtf;^ DA™ 3-i5"-6S"
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. RECORD OF BOREHOLE MW-1 Fgure.-.-l

LOCATION See rigure DATUM 575" W. fepprox} OA.Tc 3-i5"-SiT

SAMPLES HAMME3 WEIGM-T MO US.. DROP 30 IN. BORING METHOD A.'r ftcrary Dr,1:]

•SOIL PROFILE

ELSVN
DEPTH

4C.C-

3/r

C.S.C

""•'' 'DESCRIPTION
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Figure A-'
RECORD OF BOREHOLE MW-1 •

LOCATION See Figure DATUM 375 CT. ^appreO OAT- Z-2.S-Z6"

SAMPLS3 MAMME3 WEIGHT 140 L3.. DROP 30 IN. BORING W ETHOO Ai'r Kctary Dr,';|

• SOIL PSQFIL2
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RECORD OF BOREHOLE MW-1 Figure A-| •

LOCATION Se* Figure DATUM 575" ?f. (acpr^x.^ OATS 3-T.«-.S<r- .

SAMPi.53 HAMME3 WEIGHT MO LS.. DROP 30 IN. > ' BOHlNG~ METHOD Ai> Sc-ar DK.'i

1 SOIL PROFILE

P-SVN

0£?TH

25S
l̂ O
likO
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Gray- gre en to medium
Drown; Ci'nc -to coara* .

.GRAVEL c$d. fine. TO
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traci «I|T-.
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\5r<2N/<; I . /
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RECORD OF BOREHOLS MW-2A ' *gure ,!..;_

LOCATION Sen Figure DATUM 3S1F4. ' DATS M-2=?-S5

SAMPLHH MAMMEH WEIGH-T MO us.. DROP 30 IN. SORING METHOD Air R0rcr\, Dr'n

SOIL PROFILE

0£?TH

33 Z
0.0

Til
\Q.O

357
25.0

DESCRIPTION

Brown TO grayish brawn;
Pine to coarse GRAVEL,
som<r fi'ne to coarse
sand , ~ra cs. s i 1 "h

dra yi sn — bfawri' 31 (ty,
Pine t-o course SAND
and Pi'ne to coarse.
GP/AVE L . '

Li s"rtT alive ~!&<~ay ; Pi'ne
•fe coerj^ GRAV&L-,
Trcci Pin^ to Course
S<^n<d <3r^ci iili".

O
c.

3 a

. a

• t

9 1 :
a- •

o*-5

• a
* -•

0'

• *•.

i • ^
a • ' .

SAMPLSS-

c
Ul

i

i

*

3

H

5

(o

•Ul
c.

AR

AR

AR

AR

AR

AR.

| 
nt

ow
a/

F
T

.

E
U

E
V

A
M

O
N

-sac-

-375-

-370-

-365-

-360-

-355-

STANOARQ PENETRATION TE3T

A"N" BLOWS ?E3 FOOT

WATER CONTENT, PERCENT

Wo Wn WL

£••!

Cot
thi

Csr

Fiuih
^ed,
-ceded
'. casi'r

rvs.-rf 5

••̂ •̂

rcut"-

r.s"̂ ,'

r

•- . .

•*».

n
V>XJ >'.'.'.

^xV*^ x "*"•-*'

^^ •-•'*• •VO< »;«:-x^ -x\

Sy-i <"-*'.v<
S<x ^\-In

i

REMARKS Ar^ ~ Air rotory dri l l-

1
.^ — __ _.. _. ._ —

V = = TICAL SCALE
T ;N _ _- __ Co lde r A s s o c i a t e s

j03^55i-!C01



RECORD OF BOREHOLE MW-2A F'SureA-L.

LOCATION Sea Figure DATUM 332. P4. ' DATE H-Z^-85"

SAMPLES HAMMER WEiGH-t MO LS.. DROP 30 IN. . ' BOHING METHOD Ai'r Ro-fccry On i|

SOIL PROFILE

Oc=TH
'DESCRIPTION'

2^.0

3^7

u,o.o

337

33Z

2Z7
55-0

to cccrs<2 SAAJD Srfd
Pt'ne TO co<sr-s<s <Sr?AVE'L)
traci si'lt end ci<2y.

Gray fsh -brown, Ti'nc.
to C3<ars<r SAi^D, fr«3C£

and cicy. "v

gTcsy; Pi n<s to cocfs^
GRAVEL, trcdi Pi'nd

cloy.

to cs<=r-i« SA-Nd and
P.'ne to cocrss- GRAVEL,
tnscs Clay.

Gna^y — brovvn; Fine 1~O
c«<srs<i 5ANO/ some.
Si" It, traci gravel •

COC(~5<2 shindy Sll_T end
Fme to coerce GRAVSL
to ii'lty, PTn<£ fo coarse
SAN O and £i'n<£+a

o'
—i
a.

u:

">V

1
£7 -

3 t

a
0 0

1
• -\

; • ; T •

".;..';-';.'

•i'V;:

V-T;*;

1
* - Tfc

SAMPLES

M
U

M
fie

n

UI
c.

H
L

O
W

S
/F

T
.

7

a

'

JO

ii

|Z

13

AR

AR

A Ji

*^^\

AR

AR

AR

AR

z
o

IU

-350-

-3HO-

-335-

STANOARO PENETRATION TEST
A" N " SLOWS PER FOOT

WATSS CONTENT .PMCENT

Wp Wn WL

cat.
thr
FVC

Flush
jpled.
<=adsd
- C33i'r

Jrou-r_

PI£ZOM£Tc.= '
INSTALLATION

™ •—

^ -y^X >">M "• 3Cx

^ >;S

^'X <X*v

og: S:-

&xj '§x

IsP
^^

S EM ASKS

_ <_ _T Co lder A s s o c i a t e s
JC3 ss S^3-iC07

o



Figure A -L~
\ RECORD OF BOREHOLE MW-2A

.fj^ATlON Se« ?;gu« OATUM 1S2. Pi. OATEH-2«-a3-

^Bpi_ = 3 HAMMER WEIGHT 1*0 US.. DROP 30 IN. BORING METHOD Air Rou=r^ Dr; (\... •̂ ^^

SOIL. PfiQflLS

L H

-.37

75.0

•

DESCRIPTION

1O. O - 75". O •. G rad <= => +0
Pine t^ coarse SAND
arxd Pi'ne. to coarse
GRAVEL, some silt.

Gravy i<h- brown to derk
brawn; Pine to C3ars<i

tr<acs Fine to cscrs^.
5^3 n<d, trac^ silt.

o

m

. ''• '

-*•'.

* '."

4 •

a

•

a. .
, «

V'

•-••
• * a

• *

*

» .*
»_ •

, a

».*

SAMPLES

UI

H

5

'

n

IS

„

1C

^»

AK

AR

AR

AR

AR

AR

AR

Q
lO

W
ii
/M

. Z
c

E
L

E
V

A

215-

3iO -

2o5"-

-•ice-

-«,

-isa"

•STANOARQ PENETRATION TEST

A" N " BLOWS PEH FOOT

WATE3 CONTENT, PERCENT
I • I

Wp Wn • WL

.
(.

cot
th
FV

^^f

S<:
5«

Ca

Rf

F!uih

r«ad«:
C casf

•n«nt ^

l'

I
>a 5"H3\

j

frouT —

C

/^.! -^

PI £10 MET
INSTiLLA"

ES

> .̂*> ; K^^ • ̂

||

|||

\N' "-- *
|S *̂ w

ffiv]_i-

>§^ i

///\

!W

C ^ ^\

"*»^t

V "v .*"

î-

^

/%

'~m
, < , < > (
Li-u

."',
^

E M A R K S .

P= = T1CAL SCALE
!N -^ ^- _T Colder A s s o c i a t e s

joa s* S53-1OC /
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RECORD OF BOREHOLE MW-2A F'9Ure A'^

LOCATION S«e Figure DATUM 332. Ft. DATE ^-2^-35"

SAMPLES HAMMEH WEIGHT MO L3.. CHOP 30 IN. SORING METHOD Air Raiery Drill

1 SOIL PROFILE"

2.77

2C.2
izao

25T
I25.O

DE3CSIPT1ON

G ray ish- brown to dark
brown; Pine sto coarse ;̂
GRAVEL, some TO £-
trace Fine ttf coarse
sand, trace silt.

L i g'ht o 1 1" ve - era y ;
SILT, some Pi'n<s to?;
cocrse. send, trace
pine to medium grave!-

•

l_i'6*ht oli've-grav; Fine.

Fi'ne to medrurn g rave),
trace a/ It.

LI 5" n"f oli'vfi-gvey fo
dark. gfa\i\ Fme, to
Caorse G /RAVEL, some
to trac«s fine ta coerse
3<and, tr<3cj sMt.

O
c.

in

• '.*

'»

. t

.1

ii
ii

i ]

i

I-
1

jjr/

*
»• '

• t
» •

• *

. a

SAMPLES

| 
' 

N
U

M
H

E
n

21

21

23

25

M

27

u
c.

AR

AR

AR

AR

AR

AR

AR

1 
O

LO
W

U
/F

I.

E
L

E
V

A
II

O
N

-23O-

-275-

-Z&S"-

-1LO-

-25f-

-2S3-

•STANOAflD PENETRATION TEST .

A"N" SLOWS ?£S FOOT

WATER CONTENT .PERCENT
1 • • i•L . 'Wp. V»n WL

1

Ccu
thr
PV

P£

o.<
£<:

Ffu ih
pled,
vacisa
C C<33

a 5.~a\

720" v
.resn.

»• •

i'n,5

r<s!

i/ell

INSTALLATION

v^ ::
•-:i V-
*• a '<j* *

'ff**i "-'I0.
• # ' \ * o

• • • ? ' " ' •
• Ii •>'.*"•
-'•• i-*."
.-.: r- -
•:! ! • • • '
« i . * '
. -! « ,

9 •' ," '. '. . !•
««: »"!•

['•-! |«/f
•" « . •.

•° o ; > • .
o • 4 * - .
. 0 j " •

• « i -^'
" • tf > . .'
^ • 1 *
' *« 1 "a'

^^
""*' *{-
"*.** •**"*'

" *• P • •'• • » «

•:a-;
'•°.::? •"

• • ' Z • ff

, a . — 0 •

'.';":=!•/
.: — tff

9 . ~J^B 9

(7 « — » -

* « * : —* a *

P.EMASKS.

VERTICAL SCALE
i IN -c' <T f- ' Goldar A s s o c i a t e s

JOB == S5"5-iOC /

o



Figure s-.-'1
RECORD OF BOREHOLE MW-2A • . -~

J^_OCATION See ffigure .:' DATUM 5&Z FT. DATE M- 2.«- 8 5

^^SAMPLs.R HAMME3 WEIGHT no LS.. OflOP 30 IN.
1

( SOIL PROFILE

u

•f

^^

•

Z27
155:0

1

DESCRIPTION

Li gh t olive-gT^Y to
dcr*k g'rey- Find, to

to trails -Ffnc to coarse
s<and , tnsos Silt.

^

E.id o? l-rcl«s at 155". O Ft.

^_
o
_1
a.

^^

5

* »

*' 0

- 0-

.. "*•

"."''
a i

y •

o'. •

*.-

»•'..

• o
O a

"• * ^« •

^ •

k * ,

^ «• •
• *
« *
«

* -

SAMPLES

e
OJ

c:
2
"5

01

a.

W
S

IF
1

U

a

Z3

7.*?

20

31

AR

AR

AR

AR

80HING METHOD AiVRoiersr Drill

z

E
V

A
T

IO

_i

2^5"-

^ 2,u^_

-2^5-

-230-

-22T-

STANOAPD PPWPTSAT1DN TP^T

A"N" SLOWS PER FOOT

WATER CONTENT, PERCENT
1 •

Wp Wn WL

O.O2.O" We.il

| -

Pea grave '.

Co.\f<2. • —

PIEZOMETER
INSTALLATION

1

' a • ^» * *

;'. ;B->
o"°i— • •
* : :ir : v
.̂u.<.
• 4 _ 0 °

? * • ' ~ 0 "«
O 4 •• •

• * ' — . o '

*• ' »— a a '

'• "\^Z '<•'
«o* I". * "

9*o i "^o a

•a •—' • o

; •£%'•:
99 & ̂  • •

« o :_„ .
o- « — a *

' « • ! _ • •
. - - • - .

}^\ (=! U^
• / ? V tT"l L V ^

U^ulu

flSMASKS.

SCALE

' :N TC fT ?T.
Colder A s s o c i a t e s

jca == 5£"3-



RECORD OF BOREHOLE MW-3 F'qure ^"5

LOCATION S«e rigure DATUM HI2 Pf. DATE 3-5-3J '

SAMPLER HAMMER WE1G.H-T HO L3.. DROP 20 IN. SORING METHOD Air Ropery Dr-'i/

SOIL PROFILE

ELSVM
DEPTH

3<il
JJ.O

DESCRIPTION

M^d/um-torowrr, s/ l ty,
aravtl/y, Pfrttf to very
Coarse SAND to iilty,
F/ne to very coarse
SA/MD; some efnave!.

• .-

- •

Medium- Drown; F/'ne to
very cocrs<2 SAND end
pi'/TC to. very cocrs<i
G3AVETL,, som<i if It.

_

a
_l
c.

bv

<

M

fe
i'tv-

'-•':£t-
?:;;-
*•.:•*.

'/a'::

•Tt"*:

^" '}':
•"•'•' i1

!:.?f
• ;:'•*'
.;••*'.

Pi-..;
j -'-':
i:'C'
»:(;>I
*:fc-

*&

r.:--.:
'••:-a'
.•p:.:"

M
•&
''&

f-" .

''.-.':'

• _

•>;•;

VL
' k
;v];

.v'».

SAMP'.£5

C
u

2
•̂

r :

7

a

1

/o

M

/I

;i

01
c.
>

AR

AR

AR

A^

•

AR

AR

AR

^

.O
W

S
/F

.a
c

'2
a

IL
E

V
A

II

IU

-36O-

-375-

-370-

-345-

— 3&O-

--J35--

-3SO-

STANOAHO PSNETSATIQN T£ST
A"N" SLOWS ?£3 FOOT

.

WATS-?. CONTENT ,?ESCiNT
1 •

Wp V»n WU

c«.-ne.iT £rout —

^" F!uih
cauoled.

thr<rsdes
r^/C CJSi'nX'w

PIEIOMET53
INSTALLATION

—

MV '"} rV .̂-
•^•'•1 fx-V;.» , ,1 tf^x'Y
* • • 1 cV^» A<<vj K;V,
//.- /I fy'.'V,
»X';'̂ 1 ?Xx'-^•x^J .!/ Vx

W fe?<y .• x • jx/*.-/

<Xl Wv
^X-1 Jv,''
xV- j 'C-'1-''"X--:-^:-v''< v .•••.•
'.' ', V.' *>
"X/ K-v.
^X ̂ x-l. ,» * 4 ~* * r\

*//.* fy's'•.-.< <vv
^':': &'-•
^v;; %•'
^' ^1 <X'
Sx/*-.-1 l̂ V*-.*^ • I i\f's •

y-'<!>! X*i'
rx> ^ 5rx.<
xgiJX:
^;^ E;-:-:X > » • W > •fS v » • < , .
> A/' * V >,

p 1<^:

p^;

pP

X- î x> -̂.x<-^ gx<
>o< ̂ - xj<x
:̂i 5^-;'&X,' H?.v

^X '^-v*! ?^JA*-'

&& ^
Sxc< 5O< •'

v:>5 &••>•:•« ,̂-
^ ̂ -:
ImV^sj 5» ' •
yv* ,rv-^.

§^;
KXX • Jf X^•VScS c*^» ^yvl Pv.

•

aSMASKS:

VERTICAL SCALE .
, ,N TC 5 FT. ' ' Goider *"oc'a'" JO3 = ££"3-'cc '

o



RECORD OF BOREHOLE MW-3 F«9ure.~-3

LOCATION S«e Fi.gure DATUM n\2. F-i. QAT=. 3-S-8S
SAMPLES HAMMER WEIGHT 1*0 L3.. DROP 30 IN. BORING M£7HQO Air R<rfv-ry Drill

)—

Os? TH

C.8.O

f

•75.0

•SOIL PROFILE

DESCRIPTION

?;-'••

Medium brown; Pi'neto
co<3<-s«i'Gr RAVEL. , some
Pine io vecy caari<r land,
tr^cc: 5 /It.

Dark ffray, Pine to
Coer-se. GRAVEL,, same
r/Ai t°O Y£rY C^<2I~S «•

3on<d , "tr~i2cs *o Sorn<s
s/ ft-.

o
_l
c.

ca

r *•*

L *^'

0 «

* «^

a

" *

9. •

. *•

» "-

tt

* •

' O

1 •
> 0

.' * '

a *
i *

*

• '**

0
o *

4

1 '^

3

SAMPLES

i
M

15

1C,

17

18

„

20

UJ
c.-

«

AR

«

«

A9

M

AR

1 
IJ

I.
O

W
S

/F
T

.

0

UJ

u

345-

-335-

-»-

STiNOASO PSNETHATION Tt~
A"N" SLOWS ?E3 POOT

1
WATE3 CONTENT ,?£HCiNT

1 A
Wg Wn ' WL

v'

Cot

pr<

Gs

Pe

pled,
•ead«:
1 CilSi

nent 2

** ff ^C

f ^~-

<&

sIErCM£Tt3
NSTiLLATIQN

^
P

1

1

<"•*••!•

)<VX

^r *

"1

^X

1
fe

Pi
ff

1
i
' *.

c

f

REMARKS:

VERTICAL' SCALE

joa *± 553- 1£:CT



RECCflD OF BOREHOLE MW-3 F'9'J

LOCATION See figure DATUM ^2. {T-|. ' . OATS 3-5-a^

SAMPLES HAMM=3 WE1G-H-T UO LS . . DROP 30 IN. BORING METHOD AirRa-hsrv

•' SOIL PROFILE

ei£VN
Q=?TH

30C
H2-O

2-57
12.5.0

DESCRIPTION

Derk tfrcy Pin<* to
c-scrii GRAV=^—, seme.
Pine TO very coerrse.
S<=n<d, tracs 'to sc/n£
s.'/t-. ,

Medium- brawn; Pine TO
cocrse. GRAVEL, and
Pine to very ccafsi
SA/NO, Some silt.

.-"

Medium-brawn; silTy,
pine, to coarse SAMO,
tnsea g*rcvel.

| 
S

T
R

A
T

. 
P

L
O

T

. a
i./

'•3 "
v«
-9
o

% «

* a

« 9

«̂ .«

it
:t
• o
4 • <

- • .
.•'.

:".-tV
" n;

•• >."
•.*.> .
•••."

• •-* .'

1
.f"";

" • • *

•« ~

Jir
i'j:.:;

¥^
;"iV:-
"\r-;'.;'

8
•'>.'.''.

-•i:.:-;
•t'5

SAMPLES

| 
N

U
M

B
E

R
21

22.

Z3

2f

1

25

as.

Z7

lu
. c.
>

AR

AK

AR.

:AR

AR

AR

Ar5

| 
O

LO
W

S
/F

T
.

.•••>'

E
LE

V
A

T
IO

N

-31O -

-2CS-

^ j* **

— 2_OT-

-z?o-

-ZS5--

-zsc-

'' STANDARD

A." N "
PENETRATION TEST

BLOWS ?sa /=OOT •

WATER CONTENT, ?£HCS.NT

Wg Wn WL

s.

ps<

E«
ie

^"
CO
thr
PV<

PC,

= grcve

ntoni't*
a|

Flush
jpled,
-£x:d<rc:
I casi

a ^rav

^

"5"

C.1-—

piero

re A-J3

Dn'll

METES •
INSTiLLATlCN

r

^1P
1

11
11
1
a «

V -
•3 \

* ,

O »

• ^
o •
a *

c *r=
^ •

3 a «

; = 1
a • tt
TTTT-
»• .

• •»
a

O 3

0 „'

a a -,
3 « .

V:"
o

5 0°

= 'a-
Q

* "» 1

-.'.
-.'.
• "
* .'

•a «
« ^

i a
a •»
• . •
° °
": »

* -*

c fl
i •

• A

C * =
» *

-:• .
, • c

"I •=
* c

• * *
1 Q
, 3• *,

• •
• a ,
0 1

B a

" l a

c- • ,
. «.0
4

a
« •
0 o

' a

»*«
». *.
^ «

0 =

•.-'
a ?

•3 •
• »

» 3 _ .

• a
•> J

ft f
»

fl J

« . e

ft

!

3£ .MASKS.

V£ = TIC-L SCA|_E

i iN TC 5- FT. - . Golder A s s o c i a t e s
JOB — eS2->c07



RECORD OF BOREHOLE MW-3 <- gure .-^--

LOCATION See rigure DATUM -^|2 fi. DATE Z j - fT-85"

SAMPLER HAMMER WEIGHT i*0 LS.. DROP 30 IN. BORING METHOD Air Rorar\i Dni 1

B SOIL PROFILE .:'

^ —
.1

, JEPTH

•1

j

1

1

j

• -

»
7

•

l

2^8

(

DESCRIPTION

Medium brown; si'/fy
Pi'n<± fo caarii SA/MD,
tnacs ^"f<avel.

' ' • • •

*

V\idiufn fc l̂ - b'"Ov'vn',

cocf-ie SANC, sorn<£

o
a.

CO

'. --V

:bU;

|s
.*.•"**.".

Vyf-

1

II

•V: '̂*'
f .' . •'*•'

'*^.'"'

î•"• ••*"•*

SAMPLES

| 
N

U
M

B
E

R

a

7°.

30

31

3Z

SI

2H

UI
a.

«

AR

.

«

AR

AR

AR

1 
P

L
O

W
S

/F
T

. -"z
g

u
UJ

-275-

-ZiS-

-2&3-

-2T5-

-250-

-«.

• • Jk" N " BLOWS ?ES FOOT

WATES CONTENT'.PERCENT
1 ~£

Wp Wn ,

PVC

p^

o.c
'scr

Fl;ush

'. casi

3ZO'' V
•£ cn

WL

— • —

n6

,- 1

V«/f

PIE20METES
INSTALLATION

0 ^' ° * <

' *° 1 t "'I* "^ r • «
>.> I'.V

=• .•_! o ; j

• » •] > ' °!"

0 . J « »_

it^V
0 O T 1 0 •

o . « i « •
. o <* i • •

^; ix
' ' • \V-
°*Q t * 0

°'»'̂ a'5'.
f * ' i — * ° •

-.:."ll"'{'

» O •"— o • •

' tf*«-' •» 1
• • — o - '

* * ai~ ' .o * ff • I

" » *~* •
0 . J_! «.'„

:V-E:°/
;;; ^°:;
0 • 4— * ."

-TICAL SCALE
,N ,.„ _ p._ Colder A s s o c i a t e s

JO3 s=



I i ' ' f~ * -

RECORD OF BOREHOLE MW-3 . . F"3^--_;

LOCATION See Figure DATUM 112. & . OAT£ 3-5"- S£~
SAMPLER HAMMER WEIGHT HO LS.. DRO? 30 IN.

SOIL PROFILE .•'

1

-

Ci ̂ /Ki£ i» — « HI .

0£?TM
fc

_

: |

I

1
1

22*
175.3

' 1

'I
1

'' 2.2.5
| 157.0

1
-

.•

1

|
1

j

•

f

DESCRIPTION

IMedn-irn rsd-Orown;
gravelly, Fin<i fc very
Cccric. SAND, some
i.lr.. ,.

Dark <5'raY-5'rff-nj
msdi'urn to cocri^.
SA/N/O end P :'nc to
med-'um <SRAV=Ti_.

End of Wcl<- :a-r (S7.O Pf.

i

H-

C
•J
c.

<

«

jr:3i

:V^h

IT •.'•!'

Ai:".
'• .'T̂ .'.
.;':>;•'

*.-4J:
-.1.-.V
IC ' " ' •Jr.- .

î?.;i:'

'.'..'.'

"•' :"
*. , ', «

.*

• *>^

" * "i

"•" "•'

'f:'--

SAMPLES

c
LU

2
52

35

37

35

LU

>
>—

/AR

AR

AR

L̂U

w
5
o
_J
c

BORING METH CO Air R0T<ary D nil ^

^

5
<̂>
LU .
.J '
LU

-24<2-
}..':
i.; -• •

-235-

V .

-Z20-

STANDARD PENETRATION TEST
A"N" BLOWS PER FOOT'

WATER CONTENT .PERCENT
1- - • J

Wp Wn. WL

.,
O-OZO Ws.ll
Sc-resn

rfei2 s"navel —

••

i

PlEIOMtTE*
INSTALLATION

>•••£::'' *. i—•••«=•::• •'•'-: -,
" • - i 3 -^

> ' • w- . ,
«•!- ••

(9 • ~*

T-is-.;-
» » 1 — *1 — o
• »l »

• -!-/'• 1 -i •
» 0 •• — • O'

- . •<-" -» '
» '«? ' •

• |-> " d
9 ,—9 o

, 1— •
• •;— a • •

> - • =v;.-.1— »»
O « 1 — O

1 4. „ .1-.. «

* - 1— '
o .P"^iG-:*-.^r'.-:
,-. •,_» 0 ,

. «]-- a
* "i-3 • °

4 * ,'a" "
. "

1 VEMAnKS.

I,
- V = =.TICAL SCALE
1 ^_ • Golder A s s o c i a t e s
|^ 1 IN TC S^ FT. . JC3 ~± 353-/OC7

-'•

j

~*

?

L>

i

^_Jl

f

..-'

*_>

-:->

.-_y

• — =*

/-
\^



1

r*

ft

^*

i

1

L

l"

RECORD OF B0.fi EHOLE MW-4 . F gure '̂i'

LOCATION See Figure DATUM . 375 rf . (apCCC'/.-^ DATE 2 -Z~-£?, -?>-Z.£-£ <~

SAMPLER HAMMER WEIGHT i AC L3.. DROP 30 IN. BORING METHOD Air R^-jr r-~.v
I : ; j •' '"

•-
ELSVN

DEPTH

f

~

• SOIL PROFILE

DESCRIPTION .

Dark b re •.:.-.-;; fine re

fins t£ cra.-;c? SAND a/id

beTween 5.O - IO.O Ff,V

ZC-C-If.C : (Srcd^a fc%

0
0.

<n

$$

':;$:'

'•''•:'•

* •' .*

*• '*.

* "•

;i'.;

* • " • - .

SAMPLES

| 
N

U
M

B
E

R
1

z

3

"

£-

'.'

7

01

AS

ArJ

AR

A;?

AK

«

| 
nt

o'
w

s/
F

i.

'

E
L

E
V

A
II

O
N

STANDARD PENETRATION TEST
A"N" BLOWS ?£s FOOT

WATEH CONTENT, PERCENT
I A '

Wp Wn WL

Prs
cr-

Va

6"
loc

COL.

t l i l

' PVC

Cs.-

iO-s-i- c

te F!L
fing
ul-t-

Stesl
kin 5" c

r^dcd
^ caii'n

ncni ffr

on-
shh'

^— — . —

6

-Ou-f- —

/

GRCUNOWATE3

INSTALLATION

^

^

1

— •

, ,

*• • V

•̂» 1

'••'

^ X

s '.'"'

• ^ f

ii
£vv

.
•

1
4

1

I
«i

!•".*'!

"•".•*

•"*'« S

,'.'.'

-" V '

• s *,

V.V" '
JV^x^;

XK

1
1

•1E.MAHKS: A^-A-rrc f^ry d r / l !

VERTICAL SCALE
AIN TO £~ FT. . Colder A s s o c i a t e s

JOE r= ?^"2- '-^ ~
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1
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RECORD OF BOREHOLE MW-4

LOCATION Ses F,gure DATUM 575 fj . fazprc*.} OATS ~Z-2~7-S-, 1-2-c-

SAMPLER HAMMER WElGH-T HO L3.. DROP 30 IN. BORING METHOD A.'rRs

:-•• SOIL PROFILE •'

• EL5VN
DE'TH

1

1

DESCRIPTION

Ddf-k brown to 5"nay-
brcwn to me^Tum 6<~<3A/n;
fine to coarse SAND
and Pi'ne to co<sri<5
GRAVEL. . same, to tr3<^
silt.

q
cT
^
<
ĉ-
ta

'':•;:

•,'.. V

. '. \

•'•r

'* •

• t •
. . %.

'. -\
'f^''

.V ..'

• •»

" '.) .
;..]-.

SAMPLES

U
U

M
O

E
n

7

5

1

/O

/ /

(Z

/3

/^

111
c.
>
^B

A^

AR

AR

AS

AR

AR

AR

AR

U
/S

M
0
1
U E

LE
V

A
TI

O
N

lUS"*

^"-"

''I'V".

-it f

1-jr-

7 l^~

AI î ,_

STANDARD PENETRATION TEST
A."N" BLOWS PER TOOT

WATER CONTENT, PERCENT

Wp Wn

Cs.i

*f'
Coc
thr
PVC

lent 5

-fuah
P'«^.
•radtfd
- casin

WL

rsut —

tf

Figure A-1-

"<=''.• Dr.';/

GROUNOWATER
W£LL

1 ^STA

x"x^<
>^X>,v<^^<

fe;
V vN;y. »•;.<
^^- ^

^xX^yVs^
coi

1>*>x8Kx

^ixX^
V*s-_ x

pd
?>$<><
g$x
5<ovi
5wi5ooi
5oo^5o<3
5o (̂

1
1
Ĥ
15c<>5cR>
srV^^

ATIC

S^S^J

x9>
80^5XS
XV>c
KXXiv^

^̂
^Vx5x;V^

II
^<k-r
&V
WjVS<

^^/>

N

• - :EMASKS:

VERTICAL SCALE _ ,
-c- F- Colder A s s o c i a t e s

.

JOS * f ="=-'C .--



RECORD OF BOREHOLE MW-4 Figure A-n

LOCATION See F,gure DATUM 375" Pi. (appro*.} DATE 2-2.7-86' 2-2.S-eS~

SAMPLES HAMMER WEIGHT 14Q L3.. OflOP 30 IN. . BORING MEtHOD Ai r Rotary Qril/

j^ . SOIL PROFILE .-

SLHVN

DEPTH

2.<?f

so.o

i

115
100:0

DESCRIPTION

Dark, brown fa array -
brown to mAd/urn brown;
fin* to cccrse S^ND and
Cinf Ta eiiZF~s><~ C-73 Av^"1

Sorn« .fe trec^'ii /t.

Dcrk grey to meoufr*
brown; F/ne to cocrie
G2AV£L_, some idn<2
re sandy, fi'ne to
Cccrs<2. GRAVEL. '

90.0-iCC.c: Trace silt:

^-o
_;
a.

<

»

1
;.;'";

•••;

• •

'f '

:'."«
j'.«« •
;. 9
*o'
* «

D .*

9 '

• ''.
a*
» 9

0;o-
i*.

. •
• a
9

. » (

9 '

V'
• .' i

»
:.so
*•«

: • •
3

«..

». •
O

'..'
O

•

'•":•'

SAMPLES

] 
N

U
M

II
E

H

/*J

/5

1 /
IV^

iT

IS

'*?

2.C

2.1

LU
c.
V

A.=?

A^

A,^r

A^

-A

Ar?

AR

AR

^
LU

U1

3
o_i
c

E
L

E
V

A
II

O
N

— •Vi-C"-

^^-~-^v

ifii —

STANDARD PENETRi

A." N". BLOWS f
ITION TEST
'ES FOOT .

WATER CONTENT .PERCENT
1 • !

Wp Wn WL

1 : — i , . .
C«.r

Be<
see

P«

X

1*
COU
thf
PVC

ne.n1- 51

iTonire
:l

grave

Fluih
plc^.
-esd«
1 eisir

•nut —•

i

» _

..,'

'£

GROU-NOWATEH
WELL

INSTALLATION

J

1

X.^-x:

8̂%
X X X

'Vj

s r "

S l >

^r • - "

i 3

t

^
r " c

" :• t

^ * J

r j

- 's

i ~. -

._ i -

x

. •

'e '
f ' t

- :
s

* - I

S " •
* '___

• w

~ s

m
^̂̂
* * i

r .-

;:>':..- .-
j _.

^ i

"• */

' .• e
• -

, r

.". •

- j

^ r- _ ;

- •

; :

« " J

* • o

"^ " :

.- *

• • • - R c M A S K S .

lv = =.TICAL SCALE
^ IN TC 5~ FT G o I d e r A s s o c i a t e s

JOB s± S53-ICC7



L

RECORD OF BOREHOLE MW-4 9ure

LOCATION S«« Figure . DATUM ^75" PT. (fcppnsx.) OAT£ 3 -17T 35, 3-Z3-g5"-

"* """T

SAMPLER HAMMER WEIGHT HO LS.. DROP 30 IN. ' BORING M EThOO Air RbTery Drj|

SOIL PROFILE

SLSVN.

OH=TH

215-
tco.o

•<

1

2U.S
1:20.0

' DESCRIPTION

Gnay-ferswn ID brown;
Pine to Course SAND
ar\'& C,'n« to coerce
Ca''̂ '"* V=-~ , i I"CC£ S 1 1 ' .

1 1 f. ri (•?/"< A " f r-f\ s* a < — ̂1 L w • U - ' XX-* . VJ * U 1 U C £ J » O

sandy, Pi'n£ to coarse
G RAVE L . .

•

-

Gray- S"1""* -^ fo brawn;
Pi'ntf fa caai"i« GRAVHL,
tf uCe 3<2nd-

_

O
a.

•»

en

:'.;i.

• fc>. -

. • .'

• •*

•';•'.

• • '.* ;

•'.•";
-_' \

. ' .

• •'_••'

•_j
'".• "

."•'-.

• " i^

• * ' "

•-'.

V: '

' •

* -. "

,»t3

a a

•0

a ,
t .•

J "

• *
« .

'. .

SAMPLES

C

U
M

O
E

z

2/

2Z

!:>

2^

25

^

rr

2B

Ul
e.

/«?

AR

AR

AS

/^ft

A??

AR

Aft

îk
«
5
a— j
a

•z
• C

<
>
UJ .
— ;
LU

-77/5-

— 7 ^<"

^i/^P

STANDARD PENETRATION TEST
A"N" BLOWS PER FOOT

WATER CONTENT .PERCENT
1 - • \

Wp Wn WL

,

frV

*'.*'
Y:'

.

Pc î n^^crv C- 1 ~~

^4" Flush
coupled,

PVC casing

O-O2.Q " W<=.!1
S«=.r<ren

I.

GROUNOWATER
WELL

INSTALLATION

: c
0 1 .

i •
'a

: :

- %
"_ ; ;

. a .

. •-;
• "
t ;

; f s

':'•

t '

^

Z

' -

* .

„ -

"r.

r j

« *

»

_ ^ (

* f '

i a
; ',

*^

" :"

c , 3

•- C

•^ »

; " ."
,tf - _;

•' ;

r r

r c ;
r »

e **

e

. r

. *

^ •

.'•

: : s

.".-".
~ " S

;• .•

-

; :
s :
. •

e •

— ".••
— • " .
—1 -

'. i •

'•' ^
5= , :

—

~

i =x

" . • 9

L * *

; ; ".

^.r. :,
~1 ", •

^ . :
•^ " - *

? _: ,
-i ".•q. •;
;_!•

3 ~:.J— 4 •" r
-4 : •" .
-4 : '.

^-."/

- REMARKS:

VERTICAL SCALE _ ,_
_ _ Colder A s s o c i a t e s

1 IN. TC 5^ FT.

-

JOB r=t 253- IOC ;



J, RECORD OF BOREHOLE MW-4 F'9Ure '"""

j LOCATION See Figure DATUM 37f PT. (appnoi.} DATE 3-2-T-Sf, 3-ZS-S5"

II. .SAMPLEH HAMMER WEIGHT no L3.. DROP 30 IN. . BORING METHOD A/r Rotary Dn'JI

• .-.«.

' 1
SLHVN

'1

I

. . [

1 23O

1

1

• i

SOIL PROFILE

DESCRIPTION '

Gray-STa^n to Drown;

trace send.

End of Hoi£ at WS-O 9r.

'a
.̂
a.

> a
9

O '

* a
a * ^
a1 o

a
c

. * i
•

0 0

o
o »

SAMPLES

M
U

M
O

E
n

23

2^

01
c.

AR

A?,

| 
B

L
O

W
S

/F
T

.

''

O

UJ

UJ

_T-l«-_

STANDARD PENETRATION TEST
: A"n" BLOWS PER FOOT

WATER CONTENT .PERCENT
1 • '

Wj> Wn ,'

1
PC4J

o.o
3C.-

Qcavc.

2.0" W
i±n

f

e/l

:

GSOUNOWATER
WELL

INSTALLATION

:V'J ="-"""
" * " 3 ?!'••

.• ,5. "«'.. '

MAflKS:

SCALE

TC 5" FT.
Colder A s s o c i a t e s

joe = S5?>-ioo~7



RECORD OF BOREHOLE MW-5 Figure A-lS'

LOCATION See Figure DATUM 3 Z5 It. (approx.") DATE 6.-IS-55"

SAMPLER HAMMER WEIGHT \4.Q LB.. DROP 30 IN. SORING METHOD Air Rotary Drill

SOIL PROFILE

EI.EVN)
DEPTH

.icT.O

Z7O

DESCRIPTION

'

Msdi'um facawn; Fine.
1~o co<ars<s £=R/W^Lj
Some to treas s<and,
some' fo trac^ sif^r.

38.O-H0.CD • Boulder.

53.£?:6ould<=r.

Medi'um Crown; Fine
to coaric TRAVEL,
traci sand and ii'tf.

S
T

R
A

T
. 

P
L

O
T

• .0.

->/

«

^f

1
•
ff

tu
«'
*t

4

*•

•

t

*

(

•

i i

•
4

%

•

ft

*

<

a

a

i

;

•••

i

»
«•

5
«
•

»
«

•

•

«

SAMPLES

N
U

M
B

E
R

7

a

<=!

lO

u

IZ

IS

IH

01
a.

AR

M

AR

AR

AR

AR

AR

AR

B
L

O
W

S
/F

T
, 

.

z
g .

u
UJ

— 17<0-- ̂ ./C^

— 7//*V
-̂CrC'

STANDARD PENETRATION TEST
A"N" BLOWS PER FOOT •

WATER CONTENT, PERCENT

WP Wn WL

r
cnt
th
PV

Pe

Sc
w«

iia. F!c
.pled,

C cas

a graN

di^j. F
h.^Ojt
.!) icr

i ah

-i
j ri^

/«,/

vc

^-Zi-55

INSTALLATION

_M

a •
» .

•

< j *» '

4 • '

« 0
« I

» •

t •
1 t

a

•̂ 0

° »«

"a .1

4 '"<
a 3,
•»'

; »'«

o« .*
J %

o .;<
Q • >
a • •
• • *
k « *

l**«
1 • *

•

~

^H

r

z
^

«

—

• »*'.

•V«.
-V
> o

« t> .«.

• I«,

"."*
^ '

' Q*

* % *
• l

O '

»%"»

* i

* •

> / >
» * t*

o •

> • *

•

• *

' a

•V-
* .0

• 4

l« •
*.» •

fc
1 • •

REMARKS:

VERTICAL SCALE

1 IN. TO 5 FT.
Colder Assoc ia tes

JOB * S5o-fCO7



. ••s*?ffi

RECORD OF-'BOREHOLE MW-S Figure.d;S
.rJsiSJi

LOCATION Se« Figure DATUM 325 pi . £app rox."> DATE G-1S-S5" • 1̂ -̂

SAMPLER HAMMER WEIGHT 140 L3.. DROP 30 IN. BORING METHOD Air R t Pp"̂

SOIL PHOPlLS

EL^N

DEPTH

325"

0.0

3IO
I5".O

DESCRIPTION

Ntodi'um brown ta a'na.y;
5<an<+y P<ne to medi'Bm
<SRAV£l. and S(L_T to
Ci—AV and P/'ne to very
coarse SAND, some
to trac e gravel.

•Median^ brawn; eJav^Y
Pin<= "fo Very coarse
SAND and fine, to
coarse GRAVEL, to
medi'um -fa y«r^ coarse
SAND, trace gray*-!,
some Clay.

i—
o
_1
a.

^-
<
c
h-
M

i%
&*,w
*%
1
1
i
îl
g
;̂
a".'

"̂#
••/

^ •

^

^̂'

>':
'.* .

SAMPLES

| 
N

U
M

B
E

R

/

2.

3

*i

5

^

7

Ul
a.
>
^

/«

AR

^R

AR

AR

A?

AR

| 
B

L
O

W
S

/F
T

.

E
L

E
V

A
T

IO
N

-•^TT-i

3Z£J

-3O~

-^>io-

— "3CC—

-25?^-

STANDARD PENETRATION TEST

A" N " BLOWS PER FOOT

1 1 •

WATER CONTENT .PERCENT
( m.

Wp Wn

REMARKS: AR- Air rotary doll.

WL

Pr<
cr<:
FVt

6"
•Su

Be
C£

Be
^e

^"c
C3C

•Hii
PV<

>CC

:cast
.if PltJ
•ti'n£ v

IceCfeinj
rfccii c

i To rut
m<sn"f ,j

•n-fenr
si

iii. FlL
•?'««*,
-«ad«d
1 CUlil

: ̂ nsv

Con-
sK -^

au|1-

^si^,
rising;

e/ —
^rouf

l-e
.

13^1

"4

-eJ- —

VERTICAL SCALH
1 IN. TO 5" FT. " Colder Associates

WEL1
INSTALLATioTT

--̂ «

"*5 wl

I
X

1

— ••

i1QOC
OOC

1
%
1
••:•
• 9 •

•.-:•
• a

a »-
;•*,
>\\
o8;*

«a •
i. • «

kv
a •
l«\'
'»» .
»» .
• » '

• (

• •

.'.•
• ,

* •
« •

^xS??JOQX
>^>>KX>S

^S>8$>

fe^

^
^
>oc<
COC

I
1

1]

li.>]
M
-•S

^is!
«'-*•;
* •
« •»*

:?
•:̂.vr
* C /» • .

':M'»• i

a

r:

!

K

r '

ij
4*.

|

J

|y
**am

JOB ^S^S-IOCT^11



•f' i

• RECORD QF BOREHOLE MW-5 Figure -4|

LOCATION See Figure DATUM 325" Ft. (approx?} DATE &-/S-8S"

SAMPLER HAMMER WEIGHT 140 LB.. DROP 30 IN. . BORING M ETHOD A/> Ro+ary E>(~^

SOIL PROFILE

DEPTH

2^47
78.0

DESCRIPTION

Medi'um brawn; Pi'ne.
to coarse GRAVED,

.trace sand and sflt.

Gray to medium brown;
ifliy , grvavcJIy CLIAY,
trace s<and-

End'-of Hate at- 85".O Pr.

o
a.

<Z
<a

» a <
8

0 '

» 1

*

«

; ;

ii
SAMPLES

| 
N

U
M

B
E

R

H

'5

,

n

HI
a.

Af?

AR

AR

AR

| 
B

L
O

W
S

/F
T

.

E
L

E
V

A
T

IO
N

-2.WS"-

STANDARD PENETRATION TEST
A"N" BLOWS PER FOOT

.WATER CONTENT, PERCENT

Wp ,Wh

/

:!

.?^^
^'•r'Sci
'••''•' " Wtf

. P«^

Be
2k £

S/l

Jt'a. P\
v-4o,<:
•M sere

3 grav

af°

j. FF —

-.

/C
J.02O
:«n

<i/

REMARKS:

VERTICAL SCALE
_ Colder Assoc ia tes

1 IN. TO 5 FT.

WELL
INSTALLAT '

j1 '

• •

• • ' i ! • ?'
*«.!»' '

* — I * '

Vi:JK>
* ° *~ *-.j

• • _• • •- -' *-•- \&J

'&%' ''%///'
f(j "]

IP
7- iilr^̂
* ' *: -~S

•-^fc ' .

-.7- *

• - : ^
.. \ , \

-"' 1

j

_. ""*4'
j. j^- \ /

JOB #S52>-/OO.V--
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1
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«
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.9
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!

u

i
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RECORD OF BOREHOLE MW-6 'gureA-.'J

' LOCATION See Figure . DATUM ZL£O f i . • DATE (a-7-l-QS
SAMPLER HAMMER WEIGHT HO L3.. DROP 30 IN. BORING METHOD Air Rotary [>rf||

SOIL PROFILE ..

ELEVN.

DEPTH

2.80'
o.o

2iO
Z0.O

.

DESCRIPTION

LicTht to medium brown;

5ANO, trace to some
grave./.

B

JQO-IS.O: No gravel.
IO.O-ZO.O: Trace or-
ganic matter.

Medi'um to dark brown;
Si'ty Fine to coarse
GRAVEL and Fine to
coarse. SAND.

ZO.O-Z5.O •• Grades -fe?
a/lty 5 AND and GRAYEL-

2.S.O- 3O-O - Grades to
GRAVEL., ^ome: to : trcce.
3<and, trace silt.

o
a.

<

•-

^ '

. 4

"v.1:
• I

•»•"•':

:;-;i
•.";':

"•?;.

•S

^

••.•>v
> '. Vj

, ••/•

0 J

I.
".

1

7;

.'•'••

3
- f
« • *

.»*

SAMPLES

or
UJ

2.
z

t
1

2

3

•H

^-

4

7

ai
a.
Hr

••i', •

i\R

AR

AR

Aff

AR

AR

»«

>_
u.

01

0
-J
01

^

o
£ •

iu
_i

zso-

77*r

-Z70-

-2AO-

-253"-

STANDARO PENETRATION TEST
A"N" BLOWS PER FOOT

' ' 1 i

'WATER CONTENT, PERCENT

Wp Wn. , WL

-

Pnc-cast con-
*.-.— ^_^ ^r.j- L_ _ -^

Pitting vcolt

6"5tec! _-
locking" sur-
face cas.'"5

Bentoni't<£/ _—
Cement" grout

r| /

CO
did. F
jp'ed

ush

threaded —
PV(S Cd3 ncr

•"

WELL
NSTALLAT10N

••;

•:-

<^

"̂ >

_— •

^

jj£

x>§5<x>5o<S
^
5oo)
?v<?<cc«
^?
^$x
^VV"^3
Soo
x̂>o
8<£X>Q>coxxy
fxVx>6Sco

%&vSfS

1̂1
»̂$1

^̂£Xo$<
VVS

VVS<xx
<Sc<
v56OO<
^88VVS
VVSvs8o<x

s
•] <

&§<<

^
^BS y

^
^
^̂g>8^iv<<

^i
p̂
x
II
VVx
w?

î̂n
^
v^

1
REMARKS: AR- Air rotary drill-

VERTICAL SCALE ' - . , . , » i *
, IN. TCS FT. Golder Aaspc la tes jos #• 853-1007

1



RECORD OF' BOREHOLE MW-6 "̂iSli

LOCATION See Figure DATUM 2-fiO Pf. (22Dpro;O DATE i-Z/-85" Î ^̂ P

SAMPLER HAMMER WEIGHT MO LB.. DROP 30 IN. ' BORING M ETHOO Air Rota rycffiff'~\
j — , : ' --«3fttf )

SOIL PROFILE

ELSVN.

DEPTH

"LTI

2.H3
37. a

235
^5-0

Z22.5
57.5

2j 5
4b.O

DESCRIPTION

Dark brown to g'^YJ
5/ l fy CL/AY, aome
ictfjid and gravel.

Dark brownish-sray;
Fine fo v«r-y coarse
GRAVEL, trace sand
and silt.

Medium to li'&ht brown;
Fine to very coarse
SAJXJD and fi'ne to
coarse. TRAVEL, Some
silt.

Medium brown; Fine
to very coarse SAND,
some te trace 5TaveJ,
some, s/lt.

a
a

c

«.

S

1
°.

O

*
4

4

•4

• *

•*_

*

1 "

«

ci
•

k
k

•
•

*

't-

0

j-

r *"'• '•

i —••

ffiî
t.1 .*

REMARKS:

VERTICAL SCALE
1 IN. TO S" FT.

SAMPLES

1 
N

U
M

B
E

R

a

^

IO

(i

«

is

«

Ol
0.

AR

AR

«

«

-«

AR

/AR

| 
B

L
O

W
S

/F
T

.
-

E
L

E
V

A
II

O
N

2H5-

-235"-

_-7-7/T_

STANDARD PENETRATION TEST
A"N" BLOWS PER FOOT

WATER CONTENT, PERCENT

Wp. Wn WL

-

£«=
f* ̂  *

£/".
ccc
thi
PV<

.i

ntpriit
n«nt ̂

dia F
;pfed
-ead<e:
'-* cas

e/ -
Sraut.

as^

f

WEH
INSTALL;

<xx<xx
5XX
K X Y

5<Xc?oc5cc
^y^>
X XV
^yf\C-
y^v^v
^Of^><Xx
KX ;̂
5625>o<
poc
5oc
gx
£§*KX*
'So?xx>
><x>
O ĵ(

X>0<
xx>
5X>>
Syjxx>
8x
«X
6«bocxx>
>OO;Xx?
XX>
XX?
X7Ox>$x>o

1667

8$

^̂6^Seii

O<6C<6
S60<XX
QCC
<XX

1So6H<xx
H
^Sx5

^

^
-•

^1
ITJI

«r-

1•£
>o<
66oe
66
66
06
66
oe
6c66
1
16C

1SX>

S56-

155

S55

i

•s8<x<5<

1
1&
5c

1
1
1

1

1S1
•— •
r *J<

Colder Assoc ia tes " _ yx^"
JOB ^ S 521-192-

ii

ŵ

1"J

^«

I-:

t"

f

ri
r
i
r

[o
i .

f

r
r

r.
3i )



RECORD OF BOREHOLE MW-6

LOCATION See Figure . DATUM ZZO F-f. (approx.} DATE 6-2./-S5

SAMPLES HAMMER WEIGHT HO LS.. DROP 30 IN. . BORING METHODA,irR

SOIL PROFILE

ELEVN.

DEPTH
DESCRIPTION

sfl

SAMPLES

2
O

STANDARD P£N£THAT10N TEST
A" N " BLDWS PER FOOT

WATER CONTENT,PERCENT

Wp. Wn y

-fe coans<- GRAVEL,
to trace silt- to

to coarse
F/n<2 to

TRAVEL..

Zl

12. Af?

•170-

-12.0.0:
to Pi'nff te

AR

IAR

155
I25.O ; silty CLAY, tmc-.

to
CLAY. AR

Z7

End of MoJe a+ pt.

—n

155-

• REMARKS:

VERTICAL SCALE

1 IN. TC S FT.
Colder Associates



WELL COMPLETION
DETAILS

Lend surface elevation (teal)

PVC slip cap

12-Inch ileel casing
will) clilve shoe

1/2-Inch flush
threaded PVC pipe

Gas probe: 1/2-Inch PVO
tcieen (.020 Inch slots)

2-Inch flush-|oln( Ihreaded-
schedule 40 PVC plpa

2-Inch PVC well ccreerv
{.020-Inch slots)

Threaded PVC end cap

8 Inch ateel casing
will) drive shoe

Redl-mlx concrela

Spercer volclay (dry,
granular benlonlie)

Volday groul
(benlonlie powder grout)

Portland cement groul

1/2-Inch bentonlle panels

Monterey Aqua (8 land

Stainless alee) centrallzer
expanded to lit bore hole

1/4-Inch washed
pea gravel

Cave or heave

SURFACE COMPLETION
DETAIL

10-Inch diameter
protective deal
casing with locking Ud.
Length - AS Inches.

Lockable Id
attached to covering
lid with sleel chain

Rectangular concrete
meter box with cast
Iron lid

Pea gravel

Portland cement or
Redl-mlx concrete

Pea gravel

Seal (various)

GEOLOGIC
LOG

Municipal
landfill

LV.ol Q«««i

Sand

I-H-l sin

Clay

Organic
sediments

NOTE: Detailed geologic
logs follow the summary
logs.

NOTES REGARDING
GROUNDWATER OBSERVATIONS

t

I

Static water level In monitoring
well screened at Indicated
deplhonSepL21,1987.

Wafer levels observed during
drilling with boring al Indicated
depth. Water levels noted
represent 'stabilized* levels
or overnlghl levels.

Water bearing zones
defined as saturated
sedlmenla which yielded
groundwater heely to
Die borehole.

NOTES REGARDING
FIELD MEASUREMENTS

Water quality measurements made on
samples ol groundwater balled from wed
boring during drilling.

Gas concentration measurements taken
Inside casing approximately 2 to 3 feel
below lop creasing. Measurements In
percent lower explosive limit (% IEL).

ApplUd Ocottchnotogy Inc.
GculacliMiCBl Enym»«nng
Giolugy i llydiogiutugy

Summary Log Legend
Midway Landlll
Kent. Washington B1

JCBIUlSOl
H,169.10?

DIMHi
KEn

APPROVED

MflA
run

7 No* 17



WELL GROUNDWATER
CONSTRUCTION OBSERVATIONS

DETAILS

3 A
Static Drimng Wotor- •£
Waar Wa»r B«rin? 3
LBV«I LOV^ zon»

o

GEOLOGIC LOG

Nota: Detailed Logs
Follow Summary Logs

10

40 -fr

70

100

110

120'

130

iso-T

190-

200-

.̂b-.g/.̂

A3?

•—o—<•

FIELD" "MEASUREMENTS

WATEBQUALfTY GAS CONCSNTTUTION

Conductivity Temp. H,S % LEL
H ftimnoaygn) PC) (ppm) 0_ _JOO

VamhonTB?

Outmuh Gnwvte

>1OO

WELL GROUNDWATER

°BSERVATIONS GEOLOGIC LOG

Not*:

Lavrt Laval 2on»
200'

220-

""•F-;̂ ^
2404

F:'j--".>'-.":'f|f:-."-:..-—'-J
sa-f-' •:*i'."-."".1:•-'.•- -•••••..:

260

280H

290H

300 H

310H

320 -4

330 H

3SOH

360H

370 H

390 -i

400

Oua««sh Graves

Dtteic Scdimants

FIELD MEASUREMENTS

WATER OUAUTY GAS CONCSKTHATION

Conductivity Tamp. HjS %LEL
6tmho»/eni) PC) (ppm) o ICHj

Summary Log MW-7
Mkhny Lanofil B2

U.188.102 KEfl 7Ne»«7



WELL GROUNDWATER
CONSTRUCTION OBSERVATIONS

DETAILS

A B G

•.-K

. .
-ep. .

•

Static Drilling Wstar- -5
Wa»r Wear Sewing |"

1 Zon«

GEOLOGIC LOG

Note: Detailed Logs
FolJow Summary Logs

FIELD ' MEASUREMENTS

WATESOUAUPr CAS CONCSNTTJAT7ON

W-i

90-

"a-EoT-

12DH

130-1

140-

ISO-

160H

170-1

180-I

190-)

200-

or-'-—a—
«-.

:*.yr???v

Outwuh Graves

8.06 2M

Coteic Sediments

>• 8.08 268

Term H,S XLEL
(*d 'jotnl q_ 100

12

WELL GROUNDWATER
CONSTRUCTION OBSERVATIONS GEOLC

DETAILS f
~ Note: De

Static Drilling Walar- -S FoUaw <1
W«*r Wafer BMring J" <-»»woi

8 Love) L«v»l Zon« ^

iftli]

nranri
-.•X*.-X*

iî n

n 210-

220-

230-

250-

260-

270-

280-

230-

300-

310-

320-

330-

3«-

350-

360-

370-

390-

t£~t/:2
•:;:.>/̂ :£v:

MMMMM

1 I

)<3tC LOG FIELD MEASUREMENTS

•B^Logs wA-renouALrrr GAS CONCENTRATION
u nnfcyLc£S condodivity Temji. 8,3 H.LB.

1 oH j[»mh(»/cml r"C1 (pool) 0 100

Dettsic s»t£m«nta

1

j

i
j

!
:

j

! |

! i
: j

i
:
:

: •
: :

! i
i. !
: :

i i
1 j

i ••\ I
: :
: :

! 1.i !
: ;

| 1
!
:

:

:
:

: :

I :

:
: •

:

1

;

1

-1 400
1

%PP i Kent. WxnfrngtDn 63
,,,.o,rr> • ma M|«,A 7 No» «7



WELL GROUND WATER
CONSTRUCTION OBSERVATIONS _

DETAILS I

Stafic Oriinng Water- f.
Waar Waw Bearing g
Laval Level Zone

GEOLOGIC LOG

Note: Detailed Logs
Follow Summary Logs

10-

20-

30-

40-

50-

90-

100

L _ o^d~j>' °"» J J^ff""-*

120

130-

140-

150

160

180

190

200

-5--J-—r-_

FIELD MEASUREMENTS

WATER QUALITY GAS C3NCENTRAT1ON

Conductivity Tempi H-3 XLEL
oH (nmho«/ern| (*C^ (txxn) 0

Outwuti Gravel*

Dettsre Sediments

otogyl" Summary Log MW-9
Midway UndflO
Kent. Waahinginn B4

out
7 Nov«7



•

WELL GROUNDWATER

CONSTRUCTION OBSERVATIONS
DETAILS |

Bev.
339.7-

?VC !

Static DrilBng Water- •£_
W«»r Water Beonng ,5

Laval Zon«
0-

GEOLOGIC LOG-

Mots: Detailed Legs
Follow Summary Logs

w It

10

2D-

30'

4O-

SQ-

70-

80'

90-

100-1

110-1

133 -I

130-

140'

180-

170-1

180-

190-

200'

'

•^ .̂ . W^ fc» 1 V

•̂o.-r-̂ .-̂ -ps
0>~ol_e^

.
•••-."'."••','-•'

"•-:.';.''-'.V-''

•VaaftonTH

Outwtuh Gntv*ta

Oataic Sadlnwnts

FIELD MEASUREMENTS

WATER OUAUTT fiAS CONCgKTHATION

Conductivity T«rtp. H-S H LEL.
'"""- _CC1 (pom) 0 100

-«

WELL GROUNDWATER
CONSTRUCTION OBSERVATIONS

DETAILS f

Static Drilling Water- f_
Wmar Water Bearing ^

B A Lave! Laval Zone „
2CO

GEOLOGIC LOG

Note: Ortafed tog*
Follow Summaiy Logs

330

340

350

FIELD MEASUREMENTS

WATER QUALITY

-

-

_

-

-

-

1-

)-

)-

J-

3-

3-

B-

0-

0

a

"0

so

w

-L^~^i

^^zzz
-^ ^-^ i^™ i, " —— J* .• .̂.,\'̂ _i'.-.

*— •!*: •"-•
."•*""• "*' • :l

~~ -•. *. - • < :
-«':,:.•.- %.-t:

* *«* >*«• * *•*• t
• • * * * • . *.•*."*

* . . j t » * * * * . .

XAwe S«tfimanxi

i
j

j

j

Conductivity Tarp. HjS
pH |pnho«/em) pgl (pom) 0 100

j

ii

i

[

|
|
; I

i !

1
! !

1
{ •:

j
I :

i

|

1

j i
i 1
1 j
: :

| 1

: •

j i
1 !
j !
; 1

I 1

i j
I 1

I

Summary Log MW-10
Midway LandfiJ
Kant Washingon



WELL GROUNDWATER
CONSTRUCTION OBSERVATIONS _ GEOLOGIC LOG

DETAILS I Note: Detail* Log.
Static OriDng W«tar- "f. Follow Summary Loga
Wur W«*r Baving g

1 " " 369 r-, - - Lov*t Lgyel Zone

10-

23-

30'

40-

50-

60-

70-

ao

JZ.
.2. "

100

110-

120-

130

140-

160

170

180

190

200

Fill

Vashtm TUT?

Oufimih Grnraia

FIELD MEASUREMENTS

WATEH QUAUTY GAS CONCENTRATION

Condudfvtty TaripL H,S XLEL
pH (timhoatonj (*C1 (potnl 0 100r

8.01 382

7JO 181

130 154

DettaJe Secftmwia

WELL- GROUNDWATER
CONSTRUCTION OBSERVATIONS „ GEOLOGIC LOG

DETAILS

Static Drilling Wmw-
WsW Wanr Bearing

B A Laval Laval Zone

FoUow Surrt"*̂  Logs

FIELD MEASUREMENTS

WATER QUALITY CAS CONCEKTRATTON

200-

Conductivity Temp. HjS XLEL
(̂ ;) jpom^ 0

210-

220-

aa

220-

240-

0eteie Sadunenta

273 -J

280-

290

300

310

323

330

3X0-

350-

380-

370-

380^

390-

Nor-Glecial Sedmmita 8.31 153

400-

0

a
o

Summary Log MW-11
Midway Landfill
Kant. Washington

fT

B6



WELL GROUNDWATEH
CONSTRUCTION OBSERVATIONS

DETAILS

37SJT

BBSwQQ

Stadc Driinng Watar- £
^a«ar Wotar Spring 9-

' Level

GEOLOGIC LOQ

Note: I

Zon«n
10

20

30

40

50

60

70

fr^-s--3

a _ „ _i . _J-

f£-a?

80 -{

» -F

110-

120-

130-

1X0-4.

180-

170-

180-

190-

U 200-

FIELD MEASUREMENTS

WATER OUAUTY GAS CONCENTRATION

Conducftrity T«nn H^S % LEL
OH ftunnoa/em) PQ (pein) Q IQQ

..
0 •"> "» !.'•"

_ . ,
. Q'»'o ,o
'OO ' Q''»

100-|fli..
!!»*« -P t •

Ouamuh GraMte

Oottaic Sadunana

WELL GROUNDWATER !
CONnSi^fI10N OBSEaVAT10NS _ GEOLOGIC LOG

O b J AIL5 1> i i .

B A

Static Driinng Watar- 5 Ktota: C«aJtod Logs
Wa«» Wator B<«rinQ f f=olta« Summary Logs
L»v«ri Lavt.1 Zon. Q

I I I n 200-1—..-.. ij,.. -rt

2io-¥T.Tri-.~.

220-C

2*0 4

E*";.-:' :••'••.»;£•an-£•*;••£:>:•;•

u

270H

2«H

290 H

310 -i

320 H

340H

350H

3BOH

370^

380H

390H

400-

Dettuc S«fifrwfrt» •

FIELD MEASUREMENTS

WATEH OUAUTY GAS CONC£XTBATON

Conductivity Tamp. HjS %LEL
ftLmhiML/cfn) p:^ (pt»"> 0

0
100

Summary Log MW-12
Midway Unafil B7

KES 7N«»«7



WELL GROUNDWATER
CONSTRUCTION OBSERVATIONS

DETAILS

SUOC DriUIna Wo
Waar Waar Brahnq

8 Level L«v«4 Zon«

r

GEOLOGIC LOG

Note: Detailed Logs
Follow Summary Logs

10-

50-

60

80-

90-

100-

110-

120-

~'-i Ffll

o... __._„•_;

la-if.tû uZ: •
C=^0-j-̂

"S

VashonTTfl?

Ouanacn GramU

130-

140-

1SO-

180-

170-

180-

190-

200-

Oattaic Sadmara

FIELD MEASUREMENTS

WATER QUALITY CAS CONCgKTHA'nON

Conductivity Tart̂ x H,S % UB.
fjunhoa/enH pe) (tarn) 0 100

Mon-Oacd Sadimnts

vy
CONST

DE

ELL
•RUCTION
TAILS

8

GROU
OBSE

Static C
Wafer

o '̂Kxĵ bc^c^ '̂s^^^^g
$&£&&

BP

NDWAT
RVATIO

Wiling WB
Water Bra
L»vel Zo

1

ER
NS

tar-
ring

" 2C

21

1

21

2;

2'

2<

2t

2-

2!

2<

a

3

3.

3:

3-

3.

Z

3

3

3

—I • t

i

GEOLO'S

3 J,s NotKDeOl
8- FoflcwSuff

n-

1

1C LOG FIELD MEASUREMENTS

fed Logs WATER QUALITY GAS CONCENTRATION
unar/Looa ~" . . _ -' ^^* Conouc2xvrty Tflmp. n^S % 1 Pt

rW (lunhoa/cm) r/C) (pom) o 100

J® ]̂ '

• «̂H.ati-a'ĵ B|
v̂ i«M»rl.cL»3««T'

n-

KJ-

a-

nj-

M-

M-

10-

20-

30-

50-

60-

70-

ISO-

4-2>i£ i

%

— i ^MI r
\ GAOtwcfMcaJ Enqi

«J GM»O«T » "rare.]

14.189.102

. .̂  nitllF -10

^^7 Midway Landfil
Kent. Washington B8

KEH flAA 7M»»»7



WELL GROUND WATER
CONSTRUCTION OBSERVATIONS GEOL

DETAILS 1
=• Note: C

f Static Drilling W«t»- f Fb,Icw
Bev. . 0 ^ - w"»r w**r Bearing 2
381 (j- ° & Lev«l love) Zone

|

.

I

&

*•

1

^

» I

."4t

C

T

E

C

C

E

C

; H
c

> *«

c

L

10

20

30-

40-

50-

80-

70-

ao-

90-

100-

110-

120-

130-

140-

150-

180-

170-

180-

190-

—
— 200-*-

•

-^—^-.^.-7

a!'. '•o^-Jt
>'~

C-l̂ Î Ic
(j i •• 0 * —• Q^j ^

— o rr OTT-O—

^_ — 35— Q^

— ; ( j— -Q ~»-
o — O'r-.0"1-*

j05-S5;̂ J5.i
0̂  ... 0. ;J>_

Bj tf*^f7 '* 0

JZ .̂«! ill OL -I»

." ft ^- * t§ t o

"*"•_•". ~-"f'
9 .?.. i. 0:.2.
; . B.-to D . » »

o. \-L-f. jj?
n > . *. a *

".^•~.vir
* * '

n~. "i-~

— « • — o- •

"o4.:3;.l--:'!i;y

-VTr.--'.T-;:

j~ .^—

.OGIC LOG FIELD MEASUREMENTS

Summnr̂ Loga WATESQOAUTY GAS CONCSNTHATION
Conductivity T«np, H-3 % LEL

oH fumhoaten} PQ fcoml o ir

RB

0

0

0

0

0

0

QutMshGnmU 9

0

a

0

0

0

0

o

a

0

0

0

0

0

0

a
g

\
\

s

1

-

^

'

s

/

V

<

• "•

\

/
'

ss

x

0

1259

250
250

257

257

250

|10S

1 105

WELL GROUNDWATER
CONSTRUCTION OBSERVATIONS

DETAILS

Static Drilling Water- 5
Watm- Watar Searing s
Laval' Lovel Zone

200-

GEOLCGlc 'LOG

Nets: Detailed Logs
Foil
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•I'î y.j'i'.-q

•.̂ UT.'x:*:
5J • °.. *'•..!.

'• O.".^'.^" •.*•

.« -0 o'.-?.̂ .*?'

°.-.'.o .'.Q'O-^.tc

ZrfE^-Z.-:?:

.̂•'i'-'v/p;/.;:-.

S5^L^
Z^uZ. 77 ZJT..C.r

~il n'^j~ ~.

$SrZ3Z:ZZ

srrv r̂.-:̂ .'r_
>^ ^. ^_ — —

'{r/'.r^A

3GIC LOG FIELD MEASUREMENTS

rtaHad Logs WATER QUALITY GAS CCNCEVTHATTON
iurnrnAry Loci ' '

Conductivity Tamp. H,S %L£
cH Oin*a«/CTi> fCI (com) 0

Fill

0

•

0

0

Q

0

Q

Outtnah Snwete g

'

0

0

0

o
0

Deteic SocSmsras
0

0

0

V

0

\
":

/
\

Ji

\

1
100

--

; j

i

245

>3CO

>2DO

>>300

>300

>300

130

106

ao • . . • •

WELL GROUNDWATER
CONSTRUCTION OBSERVATIONS

DETAILS ?

Static Drilling Water- ^
Water Water Bearing £
Leve< Leve< Zone

£UU -

GEOLOGIC

a; Detailed Logs
Foltow Summary Logs

FIELD MEASUREMENTS

WATEBQUAUTY CAS CONCENTRATION

Conductivity Temp. hUS
j*C) (POT> 0 100

7.1 560

7.0 113O

U 400

G^nraiK^oW110- Summary Log MW-20
Midway LandfiB
Kent Washington B15



WELL GROUNDWATER
CONSTRUCTION OBSERVATIONS _

'DETAILS |

Static Drilling Watar- f.
Waar Wsar Soarino 3.

C G _
0

GEOLOGIC LOG

Note: I _.
Follow Summary Logs

10-

20-

30-£

40-

sa-

60-

*>-&ws«
80-

90-

110-

120-

130-

140-5

150-

160

170-

180-

190-

200

r& T, 0-^,5

o- «•••'

Vajron
Out»m<h

AFIELD MEASUREMENTS

WATER OUAUTY GAS CONCENTRATION

Conductivity Tamp. HjS %L£L
pH tonhoatan) PC) (pom) 0 100

Outwash GravflU

08 520

&3 780

6.31 KM

8.84 775

Mtuc SaduMna

6.82 S70

0.82 530

/

s

WELL GROUNDWATEH
CONSTRUCTION OBSERVATIONS

DETAILS J

Static Drilling Water- £
Waw Watar Owing 3

C Levrt Lave) Zone
200

GEOLOGIC LOG

a: Detaiittd Logs
Follow Summary Logs

8.88 572

FIELD UEASUREUENTS

WATER QUALITY GAB CONSEKTBATION

Conductivity Tamp. HjS XLEL
pH fBrnhasfeTrt (T^ (pom) 0 _ 100

*-. Non-Glacial Secttmonta

310-

320-

330-

340-

350-

360-

370-

380-

390-

400

197

200

Summary Log UW-21
Midway Lancfil
Kant. Washington

.169.102 7NOV47



WELL GHOUNDWATEH
CONSTRUCTION OBSERVATIONS „

• ; DETAILS J

State Drilling Watar- f.
_, Waar Wakr Bearing 3

' n Lav«H Laval 2on«
n °~

GEOLOGIC LOG

Nota: Detailed Logs
Fallow Summary Logs

378.8" •

o
**^

rlvi

rM

:v:

•»!

•"->"

10-

20-

30-

40-

50-

SQ'

70-

80-

30-

100

110-?••:•

120

130-

140-

150-

160-

170-

180

190-

200

li^7^"-0
-^ —^o -r~ j^*

FIELD MEASUREMENTS

WATER QUAUrr GAS CONCgMTHATlON

Conduetivrty Tarr̂  H-S %L£t
pH bimhoa/on) (*C1 (ppm> 0 100

Midway Undffl

0.4O 3210

OuDMiih Gramto

Oeltsic Sadmam

GEOLOGIC LOG

WELL GROUNDWATER
CONSTRUCTION OBSERVATIONS

DETAILS
=r Nota: DotnJtad LOG*

Static Drilling Water- f Fallow Summary LOGS
Wsuor Watnr Baaring » 7 ^

A B Laval Laval Zone

FIELD MEASUREMENTS

Cantiucavity Tamp.
(un»ioa/em) _(*Q,

WATSB QUALITY GAS CONCENTRATION^
%LEL

0 100

200

7.1 200-205

525

380

AP«M«I dwtocflnotogr >«-
o«««e"~"i

Summary Log MW-22



WELL GROUNDWATEH

CONSTRUCTION OBSERVATIONS GEOL

DETAILS 1
=• Nota:D

Static Drilling Water- f Follow,'
o_, W«w Wafer Bearing X

ttff A B G '•'"'•'• Lav«" Zon« -

^

1
*

-]

*
t

3 -

p

10-

20-

30-

40-

60-

70-

80-

90-

100-

110-

120-

130-

140-

150-

170-

190-

•"• .' ".•• 'o ••'

".>?»'- ••-' :• •

4-V.V.:'̂ ^

-•"•̂ TT.'î ^
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pH ftimhog/cml CCT Cc°"il 0 ___ 100

Fill

Vosban THr?

Qutwaah Gmv«(«

7.07 156

G«el*cnntcai
Summary Log MW-26

Midway UandfiO
Kent. Washington B21



.I WELL GROUNDWATER
:l .CONSTRUCTION OBSERVATIONS GEOLOGIC LOG

DETAILS - - : • • f
- Nota:

Static DriUlng Woiw- =_
Wa»r Wuur Beciing 3

8 C G '"—I Lffvel Zone °

FIELD MEASUREMENTS

WATER QUAUTY GAS CONCEKTBAT1ON

Static water levd
"Muurad an 10-08-37.

10

20

40

50

60

70

——"°~

S^afr

80-

90-

100

110

120-

130-

140-

150'

160-

170-

180

190-

200-

°o

er.sovoo.-o

~ ~

vtty Temp. H,S %LEL
£H _&unho«tan) _pci_' (̂ n) o 100

Ouainwh Gravvlc

Dertaic SocSmentm

480

285

216

125

w
CONS1

DE

/ELL
TRUCTJON
TAILS

c

u
HI

m̂

i
•

1

QROUNDWATER
OBSERVATIONS

I
Static Drifflng W«a>r- £
Watar Wmter Bmring j
Leve Level Zone _,n ,

M 210~
220-

P

'

230-

240-

I :
2

2

2

3

3

3

3

3

3

•

3

*

•

4

50-

70-

90-

10-

30-

ISO-

[70 —

190-

GEOLC

Mots: Oc
Follows

STTiS-irS

Z— ~— ~-'̂ r:

S^

rj» * ̂ c^ *".;• ̂ "w

— g*
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î {'v>:'!:"-V'J":'

:•:•'.£££

1

>GIC LOG FIELD MEASUREMENTS

rtailed Logs WATEH OUAUTY GAS CONCENTRATION

Conductivity Ttrrc. HjS XLB.
t/H (umhoa/en) fCl (pom) 0 100

0

0

0

0

Outwuh GrovoU * ~ .

0

q

7.04 734

Oeitoic Sadimana 1

-J 200

-

s — ̂  *opu«a &M»ennoiogy inc. Summary Log MW-28 —— -. —
^^•wj Gao^ogy'* Hy«ro»o»ocY MWway LandnB B^X ^^ «_^
^̂ •E r̂ Ktfnt, Vfuu HI ty tun ^B^^ ••• ^^^

iTVes"?^ 'KES* "T^lflfl 7N<w»7 _



WELL GROUNDWATER
CONSTRUCTION OBSERVATIONS GEOL

DETAILS I
=• Nott:D

a^ Static DrilHno Wartr- f. Follow'
^«* A a ,- W«*lf *"* Bwrin« <5Pĝ ,. A^ B G Leve) L(WH. zon. °
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INTRODUCTION

This manual is a guide to the operation and maintenance of dedicated sample
pumps installed in the groundwater monitor well network at the Midway Land-
fill." The pumps have been installed in each of 46 individual monitor wells
located at 23 separate boring locations '(MW-7 through MW-29). Well installa-
tion details and depths, and elevation specifications are included in Tables
i and 2 on the following pages.

The dedicated pumps were manufactured by the Robert Bennett Company of
Amarillo, Texas. The pumps are designed to provide representative ground-
-"water samples from depths to 500 feet using only compressed gas to power the
"pumps. Figure 1 provides a cross sectional view of the pump and its internal
components.

Sample quality is ensured by the following design features:

o Pumps are fabricated from stainless steel,

o Pump seals and water discharge tubes are made of Viton.

o Compressed gas does not contact the sample or other water within the
well.

o Variable flow rate permits both rapid purging and low sampling rates
from the same pump.

/

The pumps are installed near or within the upper portion of the screened zone
of each well to provide the most representative water quality samples.
However, sufficient casing storage should be purged from each well prior to
sampling to ensure accurate results. Sampling protocol is outlined in detail
in the Remedial Investigation Sampling and Analysis Plan, and is not
discussed further in this manual.

The following two sections discuss operation and maintenance of the Bennett
pumps. These topics are also covered in the Bennett pump manual provided in
Section IV; however, the manual describes operation of the portable Bennett
sampling -pump and reel and is therefore of limited use for the Midway well
installations. The Bennett pump manual does provide detailed pump disas-
sembly and maintenance information, however.



lennetl Sample Pumps have automatic reciprocating piston motors, operated by compressed air, that generate
>power for operating a double acting, piston fluid pump. Models for lifts up to 500 feet have one motor piston;

Models for lifts up to 1000 feet have two motor pistons, providing increased power for operating the pump. All models
have a differential ratio between the motor pistons and the pump to accomplish lifts using low pressure air from
small compressors.

AIR EXHAUST TUBE — releases
exhaust air at surface.

WATER DISCHARGE TUBE

MOTOR PISTON

FLUID DISCHARGE VALVE

FLUID DISCHARGE VALVE

INLET SCREEN
stainless steel - 100 mesh

AIR SUPPLY TUBE

WATER LEVEL INDICATOR
contact probe.

VALVE BODY — patented valving
mechanism provides rapid switching
of air to motor pistons, resulting in
continuous pumping and efficient use
of air power. Cycle rate is easily con-
trolled by adjusting air pressure sup-
plied to the motor.

PISTON ROD — stainless steel —
connects motor piston to pump piston.

ROD SEALS — prevent air in motor
from entering fluid pump.

FLUID INLET VALVE

PUMP PISTON —Lip type seals pro-
vide cylinder wall cleaning action
that reduces damage when pump-
ing fluids containing solids.

FLUID INLET VALVE
(ACETYL PLASTIC — Self-flushing,
poppet valves with guides and springs
for positive seating.)

ARROWS SHOW FLUID
FLOW THROUGH PUMP

Applied G«otechnoiogy Inc.
Geotecnnical Engineering
Geology & Hydrogeology

Cross Sectional View of Pump
Midway Landfill
Kant, Washington

FIGURE
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II. PUHP OPERATION

Each dedicated pump installation includes the following components:

o Bennett Model 180 Sample Pump, placed near the top of the screened
zone within each monitor well. Three different pump (piston) sizes
were used at Midway, depending, on well depth or space limitations as
follows:

8/8" (1") diameter piston for shallow wells < 300 feet in depth
7/8" diameter piston for intermediate wells 300 to 400 feet in depth

1 5/8" diameter piston for deep wells > 400 feet in depth..

Piston size can be determined by checking the first three digits of
the serial number of each pump.

8/8" piston corresponds with 188 -
7/8" piston corresponds with 187
5/8" piston corresponds with 185

The overall diameter of the 188 and 187 pumps is approximately 1.75
inches; for the 185 pump, it is approximately 1.0 inch.

o Tube Bundle leading from the pump to the ground surface. The tube
bundle consists of a polypropylene air inlet line, a polypropylene
air exhaust line, and a Teflon water discharge line.

o Stainless Steel Cable which helps support the weight of the pump.
The stainless cable is twisted together with the three tubes
discussed above to form a compact bundle.

o Landing Plate, machined from PVC, which rests on top of the 2-inch
well casing. The landing plate supports the weight of the pump and
includes an access port to measure water levels in the well.

Configuration of the pump installation is shown on Figure 2. The landing
plate assembly, located at the well head', is shown in detail on -Figure 3. To
operate the pump, the air supply tube protruding from the landing plate is
pressurized by a compressed gas source. Zither a portable compressor or
compressed gas cylinder may be used for this purpose. Portable compressors
should be capable of developing approximately 150 pounds per square inch
(psi) pressure at a flow rate of roughly 2.5 cubic feet per minute (cfm).
Compressed gas cylinders equipped with heavy-duty pressure regulators have
proven more efficient for pump operation than portable compressors, however.

Below is a step-by-step outline for pump operation. The outline is a modi-
fied version of that provided in the pump manual (Section IV) . ••

-3-



Water Discharge ^
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^l/f

To Compressed
itf^ Gas Source

-*• Air Supply

^BM"" pvc Landing Plate

Tube Bundle

Sample Pump

-

-

/

1

^

-. -2-Inch Well Casing

Well Screen

FIGURE
/•^N Applied o«ot»chr»oio9y inc. Dedicated Sample Pump Installation Plan _
IBfc ) Geoiecnmcal Engineering ~ r • f^
wR£&r Geology & Hydrogeoiogy Midway Landfill ^
^S^ Kent, Washington fcn
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Stainless Steel
Support Cable

Groove for Cable

PVC
Landing Plate

Air Supply.
(Compressed
Tube Port

Water Level Access Port

Gas)

Water Discharge
Tube Port

Air Exhaust
Tube Port

Applied C»*at*chno(ogy Inc.
Geoiecnnical Engineering
Geology & Hyarogeoiogy

Detail of Landing Plate Assembly (Top View)
Midway Landfill
Kent, Washington

FIGURE

69.102 eca
ii '- 'i

1 February 88
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o
PUMP OPERATION

1. Measure water level in well. Calculate amount of water to be purged from - •
well prior to sampling.

2. Attach high pressure air line (provided by Bennett) to the compressed gas
source. Adjust all pressure regulators to no-flow position 5-
(counterclockwise). i;

3. Attach discharge end of high pressure line, to the pump air supply tube ',?.
. protruding from the landing plate. The .air supply tube is brittle in ;v .
cold weather and needs to be handled gently: to prevent damage. • '''••"

4. Attach an appropriate length of Teflon tubing to the water discharge line ;.-
to facilitate collection of purge or sample water. ,!"'

5. Open main valve of compressed gas cylinder, or start air compressor.
• % •

6. Pressure up pump air supply line using the in-line pressure regulators. -'-
It is advisable to pressure the system gradually; in-line pressures of
150 psi or less are sufficient for pump operation. ' ' ' '|-

*=
'̂

The in-line regulator'on the Bennett high pressure air line has a locking _̂̂ ^
yellow knob. Operate this regulator as follows: , | j

o Pull yellow knob OUT to unlock. '-'
o Push yellow knob I N t o lock. ' . ' " . ' ' '
o With cap unlocked - Turn clockwise to increase and counter-clockwise •;•

to decrease pressure and shut flow off. £

7. Use the air pressure regulator to begin pump operation by slowly increas-
ing the air pressure until the pump begins cycling. There may be a time j
lapse between pump start-up and water flow from the discharge line. Any •*-
of the following procedures can be used'to determine whether the pump is
cycling: ' , V

o Listen for a soft clicking sound from pressure lines.
o Observe the in-line pressure gauge for slight needle fluctuations as .,

the pump cycles,
o Place the end of the water discharge line in a container of water.

Continuous bubbling will occur as the water is.filling the discharge
tube.

o Place finger over the air exhaust line. A slight air flow indicates
pump cycling has begun.

O
-6-



8. Once discharge from pump has begun, flow rate can be regulated by
controlling flow arid pressure to the pump. Increase discharge rate by
increasing gas flow or pressure; decrease discharge rate by decreasing
gas flow or pressure. If gas flow or pressure is lowered too far, pump-
ing will cease, however. • . • .

9. To end pumping,•turn all .pressure regulators counterclockwise to elimi-
nate gas flow. Air lines can then be disconnected from the pump.

The Bennett pumps require a minimum of experience to operate efficiently and
reliably. However, a few suggestions are included below for troubleshooting
if the pumps are not operating properly.

TROUBLESHOOTING GUIDE

• Condition

Pump fails to operate upon
initial pressure-up

Pump slows or ceases to operate

Pump slows and ceases to
operate; gas pressure constant

Pump slows and ceases to
operate; water is silty or
turbid

Corrective Action

In-line pressure to pump may be too
low. Increase pressure and flow.

Check for low tank pressure on
compressor or compressed gas cylinder.
Replace or adjust as necessary.

Water level in well may be lowered
from pumping. Increase pressure until
pump resumes operation. Check water

pump is
fcJLLUl^ Jidaiuucd v_ifcJ*=i d W.Lvj i i . i*4jis

level periodically to insure
fully submerged.

Turbid water is heavier than clear,
and will require more pressure to
lift. If increased pressure does not
restart pump, pump intake screen or
interior may be clogged 'with silt.
Remove pump from well; inspect and
clean as necessary. Refer to Section
III for pump removal instructions;
Section IV, 'for pump disassembly and
cleaning.

-7-



Pump cycles but little or
no discharge observed at
surface

Pump cycles but little or
no discharge observed at
surface after a period of
normal discharge

Pump 0-rings and seals may need re-
placement. Remove pump and' replace
if necessary (See Sections III and
IV).

Water level in well has dropped below
or to the pump intake. Check water
level periodically to insure pump is
fully submerged. Wait for well to re-
cover before resuming pump operation.
May .need to pump at a lower rate.

o

o

o
-8-



III. PUMP REMOVAL AND MAINTENANCE

Pump Removal :

The pump assembly can be readily removed from the well casing if necessary.
The pump and tube bundle are not heavy for the shallow to moderately deep
wells, although the length.and stiffness of the tubing can be awkward unless
properly handled. Care should also be exercised to keep all portions of the
assembly from coming into contact with the ground or any other source of
contamination. It is also advisable to wear protective gloves and clothing
to prevent dermal contact with the pump or any surfaces which have contacted
water in.the well.

To remove the pump assembly, we recommend obtaining a large-diameter wooden
spool or other cylindrical .reel onto which the tube bundle may be wound.
Support the spool on a pipe, or other device as an axle. The spool may thus
be supported on the back of a pickup truck or van, or between any two stable
uprights. A special stand for removing pumps set greater than 250 feet deep
would aid in removing these heavier pumps.

Lift the landing plate directly off the top of the 2-inch well casing. If
possible, position.the landing plate on the spool such that the remainder of
the tube bundle will not block access to the intake and discharge tubes
protruding from the landing plate. This will enable the pump to be operated
at the land surface, if required.

The pump and tube bundle may now be pulled out of the well and wound onto the
spool. Once removed from the well, the pump may be inspected.for clogging or
other problems. Refer to Section IV for detailed pump disassembly and
maintenance instructions.

Maintenance

The sample pump should operate trouble-free for extended periods without
maintenance. The only parts subject to significant wear are the 0-rings and
seals in the pumps. Sample discharge rate may significantly decrease if
these parts are worn or damaged. If sample discharge rate is very low even
while the pump is cycling, these parts may need to be replaced. The pump
should then be removed from the well and repaired.

Replacement seals and rings are readily available from the manufacturer, and
can be installed in the field relatively quickly. The pumps can also be
returned to the manufacturer for these repairs with a one to two-day turn-
around time. '

Detailed instructions, for inspecting and replacing these pump components are
provided in Section IV.

-9-
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BENNETT

SAMPLE

U.S. PATENT NO. 4296801
Canadian Patent Nos. 1166075 & 1187331

Manufactured By

ROBERT BENNETT COMPANY
AMARIU.O. TEXAS U.S.A.

806-3S2-C2S4

PUMPS

P.O. Box 7644
flmarillo, Texas 79114



BENNETT
SAMPLE

PUMPS

Operating Instructions
The Bennett Sample Pumps are air operated and have a double acting,
automatic reciprocating, piston type air motor (upper section) which
drives a double acting piston type fluid pump (lower section). Rod
seals between the air motor and the pump are used to prevent air contact-
ing the fluid sample being pumped. - - . •;

The automatic reciprocation of this pump is achieved by a patented valv-
ing mechanism that is an inte gral part of the air motor. This design
provides an air motor that is easily controlled to operate at minimum
to maximum cycle rates by adjusting the driving pressure. The cycle
of the air motor is directly proportional to the pumping rate.

Pressurized air is supplied to the motor by plastic tubing in the tube
bundle and the exhaust air is carried to the surface and released to
atmosphere by another plastic tube.

*.•
The air motor does .not generate elevated temperatures when operating
and can be operated above water level, partially submerged, or fully
submerged to depths of 500 feet. -

Bennett Sample Pump units are fully assembled and performance•tested
prior to shipment. This service provides the operator with a unit that
is properly connected and ready for operation.

We recommend operating the pump in a container of water prior to field
use. • This will enable the operator to become familiar with the operation
of the pump.

COMPLETE THE FOLLOWING PROCEDURES TO PREPARE FOR OPERATING TEE PUMP

1. Attach the air supply line (coiled at the rear of the
instrument console) to your source of compressed air.
NOTE: Air supply source should not exceed 150 psi.

2. The toggle switch located on the instrument panel activates
the water level indicator system. Turn the switch to .the
"ON" position.

3. Place the pump in a container of water. The pulsating
sonar alarm will sound when the water level 'probe (located
in the top of the pump) contacts water. Raising the' probe
slightly above water level will cause the sonar to stop
sounding.
NOTE: The alarm can be turned to the "OFF" position

after the wate.r level is reached to conserve
the replaceable 6 volt battery located inside
the console.



4. The air pressure for pump operation is supplied and con-
trol.')̂ ! by the .id j uriT.ihl c.- ]n;c:;rm:r' rcciilntor locnted on
the instrument panel. (Yellow knob directly below pressure
gauge) o

Regulator Operation . .

Pull yellow cap "OUT" to unlock
Push yellow cap "IN" to lock . . - •'• '""•
With-cap unlocked - Turn clockwise'to increase
pressure and counter clockwise to decrea.se
pressure and to turn air off. •";.

5. Use the air pressure regulator to begin pump operation ' . • .
by slowly increasing the air pressure, indicated by the .._

^ •• pressure gauge on the panel, until the pump begins cycling. •
vV • NOTE: Allow a few minutes for the water discharge tube-

to fill and the flowmeter to begin operating.
There will be a time lapse between pump start-up and water •"r";
flow registering on the flowmeter. The following procedures . \
can be used to determine when the pump starts cycling:

A. Listen for a soft clicking sound (when in container)" "•
B. Observe the pressure gauge for a slight needle :

fluctuation as the pump cycles.
C. Place the end of the water discharge tube (attached ^

to the top of flowmeter) in a container of water • j
Continous bubbling will occur as the water is
filling the discharge tube. ' ~-

D. Place finger over the air exhaust line (open (j
end tube located inside the reel core). A slight ^-^
air flow indicates pump cycling has begun. . . .

'Any of the methods suggested above may be used to determine
pump cycling prior to a flow of water through the meter

• on the panel.

6. The following methods should be used for regulating the flow
rate -when water is flowing through the meter.

Increase the air pressure driving the pump to
increase the flow rate.

.Decrease the air pressure driving the. pump to •
decrease flow rate.

7. The pump units are equipped with flow meters that have adjustable
valves (black knob at bottom of meter) that can be used to
obtain extremely low flow rates when desired.

Flow Meter Valve Operation

Turn knob counter clockwise several rounds for
full open position.

I
Turn valve clockwise for restricted to fully
closed position. O



A. For extremely low flow rates, reduce the air pressure to
the pump to obtain the lowest, steady pump cycle rate.

B. Turn the flow meter valve toward the closed position to
produce steady flow rates as low as a few drops per minute.
NOTE: When.maximum pumping rates are desired, the flow

meter valve should be in the full open position.

Maximum Recommended Pumping Rates for Bennett Sample Pump Units

Model No. Pumping Rate Air Requirements

180-125 60 gph 1.5 cfm Q 50 -
180-250 "50 gph 1.8 cfm <§ 75 •
180-375 65 gph 2.0 cfm (§100
180-500 40 gph 2.2 cfm @ 125

• 180-625 35 gph 2.5 cfm <§ 150

The air requirements shown above are approximate values requir-
ed to obtain the recommended pumping rates shown for the maximum
pumping lift capabilities of each model. The air pressure
should be reduced when operating at lower pumping lifts, to
maintain the recommended maximum pump flow rates.

The Bennett Sample Pump Units are designed for maximum operator conven-
ience in field pumping applications. The tube bundle reel is an impor-
tant part of each unit. It is used to store the coiled tube bundle
.and for raising and lowering the pump in the borehole.

Reel Features

The reels are equipped with a sprocket and chain drive
system that has a reduction ratio for easy operation
with a hand crank. Each drive system has a.slide bolt
lock (located at lower end of chain guard) for positive
positioning of the pump. The drive system has a hand-
brake (handle extending from top of chain guard) that
can be used for lowering the pump into the borehole.

Each reel is equipped with a. dual gland rotary seal
(located on axle inside console). One gland of the
rotary seal supplies compressed air for operation
of the pump and the other gland transmits water from
the tube bundle to the flow meter. The rotary- seal
eliminates the need for disconnecting any lines when
raising or lowering the pump in the borehole. This
feature permits changing the pump to different settings
while the pump is operating if desired.

The guide roller head with tube bundle measuring wheel and counter is
another convenience feature of each pump unit. Use the bundle measuring
system in this manner:

A. Lower the pump into the borehole until the white band
marked "10 ft." is over the center of the aluminum
measuring wheel. The marked band is set at 10 feet
from the water level probe in the top of the pump.



B. Lift the tube bundle until it no longer contacts the
iiioatiiii:iii£ wlmul. Hull Lliu iiicusuvintj wliccl (forward
or back) until the mechanical counter located to the
side of the wheel reads "10.0" and place the tube
bundle back on the measuring wheel. The measuring
system register will show pump settings in "Feet and
Tenth's of Feet". The counter will count back to the
original reading as the tube bundle is -raised from the
borehole. . - :

Pump Operation in the Field

The following procedures should be used for field pumping operations:

1. Lower the pump and tube bundle into the borehole until the .
'white band marked "10 ft" is centered over the measuring wheel. ̂ -.
Set thje£;counter to read 10.0 using the method previously described:

2. Turn the water .-level indicator switch to the "ON' position.

3. 'Release the slide bolt lock and continue lowering the pump
into the borehole. The handbrake may be used for controlling '.
speed and stopping the .reel. •

4. The1 pulsating sonar alarm will sound when the water level is
reached and a depth reading can be taken from the counter.
The water level indicator can be turned "OFF" and the pump
can be submerged to the desired setting. Engage the. reel lock
to hold this position. '

5. Turn the air pressure' on and adjust the regulator to obtain
the desired pumping rate using the method described under •

. Regulator Operation and Flow Meter Valve Operation.
NOTE: The pump will begin cycling in the borehole with no

water in the discharge tube at approximately the same
air pressure required for operation in the container

. . of water on the surface. The air .pressure should be
slowly increased as the pump-begins lifting wa.ter in •
order to provide additional power to the pump and maintain
lift and flow rate. '.

The following methods can be used for cleaning and flushing the pump unit:

1. The tube bundle and pump can be spray washed for external
cleaning. Use an air nozzle to blow residual fluid from
the tube recesses in the sidewalls of the pump. The' pump

. filter screen can be removed for cleaning by removing the
cap screw located at the extreme bottom of the pump filter
shroud.

2. The pump system can be cleaned and flushed internally .

A. Remove the filter screen housing from the bottom of the
pump. (1/8" pipe threads)

B. Attach a hose to the suction inlet of the pump and supply
flushing fluid under pressure. More thorough flushing can



ho nccompl i.sliod hy .->11 <->wi rip, the pump t.o cycle slowly for
a few minutes while the flushing fluid is "flowing.

C. Compressed air or nitroccn can be used to expel the fluid
from the pump system using the method described above.

Flushing and purging the pump system can be accomplished only as described'
above. The pump check valves will not permit reverse flow.

CAUTION: Purging the pump system of fluid with air or nitrogen is a
necessity when the pump is not in use and is subject to sub-
freezing temperatures. ' ': •
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Figure 1, is an assembly view of the Model 180 pump identifying the pump
body parts. The following pages contain step by step instructions for
dis-assembly of the pump for cleaning and/or replacement of piston seals,
rod seals and valves.
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AMARILLO. TEXAS 79114
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Figure 2. Dis-assembly Procedures

Step 1. Remove the inlet screen assembly from the pump. (1/8"!pipe threads)

2. Remove the four cap screws, recessed in the discharge valve caps.
Lift the valve caps upward until they clear the pump body and
pull the discharge tube from the socket at the top end of. the pump.

3. Remove the four 8-32 hex nuts from the stud bolts.

&. Slide the lower suction valve housing from the stud bolts.

5. Remove the 2 cap screws, recessed in the upper suction valve
housing, and lift the part from the pump.

6. Remove the cap screws at the end of the inlet screen for remov-
ing the screen element. The screen may be cleaned by using a
stiff brush and water. -

O
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Figure 3.

Step 1. Slide the lower discharge valve housing from the stud bolts.

2. Slide the pump cylinder from the stud bolts, exposing the
pump piston. . •

3. Remove all four 8-32 stud bolts from the pump body in order to
replace the piston seals.



Figure 4.

Step 1.

2.

Place split block (PVC plastic provided in'repair kit) around
piston rod as shown. Pull piston outward if rod is not extended
sufficiently. Grip split block.with .vise-grip pliers.

Remove the no. 5-40 cap screws and slide the piston assembly
from the rod.
Note: When replacing the piston seals be sure the new

seals are facing in opposite directions as shown. •

The piston seal carrier may be turned in either
direction.

Remove the vise—grip pliers and split block from the piston rod
and proceed to Figure 5 for rod seal replacement.
Caution: Never grip the piston rod directly with pliers as this

will cause damage to the rod finish. The rod operates
through seals that prevent.water from entering the
air motor.

6

O
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Figure 5.

Step 1.

2.

•3.

Remove the upper discharge valve housing from the piston rod'/

Remove the piston rod seals from valve housing
Note: Be sure to install both seals as-shown when replacing

the rod seals.

Remove the seal plate from lower end of 'air motor cylinder.

Remove the bronze rod bearing and o-ring seal from seal -plate,
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Figure 6.

Step'l. Remove the valve guide plate from its seat'by pulling upward.
The plate is held in place by the o-ring seal. (Be careful not
to loose the small valve springs.)
Note: The model 180 pump is double acting and therefore has

an inlet and discharge valve for each end of the pump
cylinder. All- four'valves are interchangeable.

O



Proceed as follows after pump has been dis-assembled:

1. Clean all parts in preparation for re-assembly.

2. The model 180 pump repair kit contains replacements for the pump
valves, piston seals, rod seals, tube seals, and cylinder seals.
Examine the tube seals and the cylinder seals. If there are no
nicks or cuts in the o-rings, they may be reused.

3. The pump valves and springs may be re-used if they appear to
be clean and undamaged.

4. The pump piston seals and rod seals are the most affected by wear
'during pumping because of the solid particles present in many
boreholes. These seals should be replaced vhen the pumping rate
shows a significant decline.

5. Determine which parts are to be replaced and proceed with re-
assembly in essentially the reverse of dis-assembly procedure.

Service Notes: ": • .

: A. A very small amount of silicone grease may_be used to coat the
o-ring rod seal before installation.

B. The cup type rod seals and piston seals do not require lubrica-
tion other than.the water being pumped.

C. The o-ring tube seals and cylinder seals may be lubricated, slightly
p . for ease of installation. ' ' • ' • ' .
I

D. The pump valves should be installed completely free of any kind
p. of grease or lubricant to prevent restricting the valve movement.

E. The hex nuts and cap screws should be tightened using only •
moderate torque.

•"•••' • •

• F. The inlet screen assembly may be tightened by hand using heavy
torque. - • \

k Place the pump in a container of water after it has been re-assembled and
allow it to operate for 10 to 15 minutes to allow the new seals a break in

~ period.
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APPENDIX II

PUMP MAINTENANCE RECORDS

It is advisable to keep maintenance records for each pump. A blank sample
form is attached for your use if desired. Also attached are maintenance
records for a number of wells which have already exhibited some problem.
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SAMPLE

MIDWAY LANDFILL
Pump Maintenance Record

Well No.:

Pump Depth:

Date Name Action
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Well #: _

Sample #:

Groundwater Sampling Field Data Sheet

Project Number:

Project Name: _

Project Address:

Client Name:

Date:

Location:

Sampled By:

Purged By: _

Casing Diameter 2" 4". 6". .Other.

Depth to Water (feet):

Depth of Well (feet): _

Purge Volume Measurement Method:

Date Purged:

Reference Point (surveyors notch, etc.):

Date/Time Sampled: '

Purge Time (from/to):

Purge Volume Calculation: (rcr2h)(7.48 gal/ft3 )(5 casing volumes)

Purge Volume (gallons) for: 2" = (0.80)(h); 4" = (3.26)(h); 6" = (7.40)(h)

Calculated Purge Volume (gallons): Actual Purge Volume (gallons):

' TIME
(2400 hr)

CUMULATIVE
VOLUME (gal)

PH
(units)

. EC
(|imhos/cm

25* c)

COLOR
(visual)

TURBIDITY
(visual)

ODOR OTHER

Purging Equipment: Sampling Equipment:

Laboratory:

Chain-of-Custody (yes/no):

Shipment Method:

Date Sent to Lab:

Field QC Sample Number:

Split with (name(s)/organization(s):

Well Integrity:

Remarks:

Signature: Page. .of



C^Jn-w/C^ibG-j rte^vrfd ix j
LeSroratory Analysis Request

ARI Client: Phonetf:

Client Contact:

Client Project ID:

Samplers:

1

2

3

4

5

6

7

Sample ID

ARI Project No:

T.A.T. Requested:

Comments/Special Instructions: .

Date Time Matx
No

Cont
Lab
ID

•Page

Numt

Coole

•• i • .; •]

. of

>er of c

r Temp

oolers:

"

®
/Analytical Resources, h^orporatecl

Analytical Chemist an^Bnsultants

400 Ninth Avenue North

Seattle, WA 981 09-4708

(206)621-6490

(206) 621 -7523 (Fax)

Analysis Required

Relinquished by:
(Signature)

Printed Name:

Company:

Date: Time:

Received by:
(Signature)

Printed Name:

Company:

Date: Time:

Relinquished by:
(Signature)

Printed Name:

Company:

Date: Time:

Received by:
(Signature)

Printed Name:

Company:

Date: Time:

~

Notes/Comments

Relinquished by:
(Signature)

Printed Name:

Company:

Date: Time:

Received by:
(Signature)

Printed Name:

Company:

Dale: Time:

Limits of Liability: ARI will perform all requested services in accordance with appropriate methodology following Standard Operating Procedures and our Quality Assurance Program. This program
meets standards for the industry. The total liability of ARI, its officers, agents, employees, or successors, arising out of or in connection with the requested services, shall not exceed the invoiced amount
for said services.- The acceptance by the client of a proposal for services by ARI releases ARI from any liability in excess thereof, not withstanding any provision to (he contrary in any contract, purchase
order or co-signed agreement between ARI and the client.



FIELD REPORT Page 1 of 4

Date:

Midway Groundwater / Oil Thickness Measurements

Job No:
resent at Site: Location:

I

<
1

DATE

._

1
.

™

^ipiesto PMX

WELL NO. -

2

5

7

8

13

14

20

24

26

27

' 29

30

35S

36 D

.380

40D

45D

48S

49D

SOS

52S

53D

54 D

55

56S

56D

DEPTH
TO WATER

'

WELL
DEPTH

MEASURING
POINT COMMENTS

•••

Signed:

c:\Data\Spreadshest\Forms\Wells\Fluid.xls Sheet 1 Revised 9/98



FIELD REPORT Page 2 of 4

Date:

Midway Groundwater / Oil Thickness Measurements

Job No:
resent at Site: Location:

1

-1

'

<

DATE

.
b

.

^piesto PMX

WELL NO. -

AN-M

AO-M

AR-M

AV-S

AW-S

AM-M

PA2-S

PA3-S

PA4-S'

PA5-S

PA6-S

PC-4S

PC-6S

PC-7S

PD-1S

PD-3S

PD-7S

PD-10S

PD-11S

TW-1

LW-1

MW19-A

MW19-B

MW19-C

DEPTH
TO WATER

*

WELL

DEPTH

MEASURING

POINT COMMENTS

^f __________________

Signed:

c:\Data\Spreadsheet\Forms\Wells\Fluid.xls Sheet 2 Revised 9/98



FIELD REPORT Page 3 of 4

Date:
^Eser

Midway Groundwater / Oil Thickness Measurements

Job No:
sent at Site: Location:

DATE

-

^̂iesto PMX

WELL NO. -

MW-2

MW-4

MW-7A

MW-7B

MW-8A

MW-8B

MW-9A

MW-11A

MW-13A

MW-13B

MW-14B

MW-15A

MW-16

MW-17A

MW-17B

MW-18A

MW-20A

MW-20B

MW-21A

MW-21B

MW-23A

MW-23B

MW-24A

MW-24&

MW-26

MW-27A

MW-28

MW-29A

MW-29B

MW-30A

MW-30B

MW-30C

DEPTH
TO WATER

*

WELL
DEPTH

MEASURING
POINT COMMENTS

1

.

-...

Signed:

c:\Data\Spreadsheet\Forms\Wells\Fluid.xls Sheet 3 Revised 9/98 .
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..^
jltS

or-
nate

;

Well #^

16

17

21

23

31

32

33

39D

41D

41S

42D

43D

44D

46D

47D

500

54S

PA1S

PD4S

LW-2

• DTW: Depth to Waler

* DTP: Depth to Fluid = [

* Sounder On: Where pr

Copies to PMX

Well
Depth

DTW minus c

obe clears pc

•Previous
D.T.F.

Sounder
On

Sounder
Off

\:

*0il p
Cut I Difference

*Oil
Thickness

';

^

*D.T.F. Color Comment

.

t

* Sounder Off: Where probe clears possible oil on ascent from water

il thickness (Units - Feet) * Oil Cut: Measurement of oil on cable to end of probe, less lip

>ssible oil on descent into water * Difference: Sounder On minus Sounder Off

SIGNED: JOB NO:
c:\Data\Spreadsheel\Fonns\Wells\Fluid.xls Sheet 4 Revised 9/98
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Standard Probe Testing Time Table

For

Midway Landfill

Seattle Public Utility
Solid waste field operation

Landfill closure

May 26, 1999
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Standard Probe Testing Time Table o
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Standard Probe Testing Time Table
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Standard Probe Testing Time Table o
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Standard Probe Testing Time Table
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Standard Probe Testing Time Table o
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Standard Probe Testing Time Table
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Misilî sii
:;;!:: :::::;>:;.::i I.::!::::-:: ::::::

:::::

mMimmm

miiimm
WSmJiiM

HiHiliii
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Standard Probe Testing Time Table
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Standard Probe Testing Time Table
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Standard Probe Testing Time Table o
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Standard Probe Testing Time Table
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Standard Probe Testing Time Table o
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^::;;i;;;H?;;;;y.:;i;H;;
i;.:̂ :;.;::;:;;;;;:-; :3i;Q3

siiiiii
iiiiiiii
Ullllppn
: : : : :-:::". :"::::::::: :•:-:•*?:<••*':'

Illllll

Illlllji
.•••-. :....;-•.....

:•• : :::-; ::-•:-::••• •-•-• • •••
:-::-: :":':": : : ,;: ;"'•: :":•••: : tiw '̂C

;:.'.::::::: :•:•: '- :•:•: :::::::>:::::

!::::::::::::::-::i:::::::!-::::::"

:::•:..:::::.:::•:::::::..:•.•:.:-•-::.

MW29-D

3/4 138.0

13.95

14.25

14.56

H on

15.54

16.28

17.24

18.27

19.48

20.84

22.40

Standard Probe Testing Time for Midway.xls Page 12


